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REPORT ON MARS, No. 23 


By WILLIAM H. PICKERING. 


SEASONAL CHANGES, 


The observed changes on Mars are of four kinds, secular changes, 
seasonal changes, daily changes, and hourly changes. Anyone who 
has observed Mars for over fifteen years under favorable conditions, 
and has thus been abie to compare his own drawings made at the 
same season of the Martian year, after an interval of that duration, 
must have noticed differences in its appearance that were obviously 
real, and not due to mere errors of drawing. It is hoped to give 
some examples of this sort that have occurred in the writer’s own 
experience in a later publication. Examples of certain other secular 
changes have been already published in Reports Nos. 7 and 14. Ex- 
amples of certain daily changes, that is, changes which require only a 
few days for their completion have been given in Report No. 8, 
Figures 5 to 8, and in Report No. 20, Figures 1 to 6. The subject of 
hourly changes has already been briefly discussed in Report No. 18. 

In the present Report we shall deal with seasonal changes, as in 
dicated by drawings made always by the same observer in different 
years. The three apparitions of 1914, 1916, and 1918 are peculiarly 
favorable for this comparison, because after the equinoxes rapid 
changes occur in the visibility of the canals, while the distance of the 
planet at these three apparitions was nearly the same. Some of these 
changes are exhibited in Plates I and II, and a detailed description of 
the drawings is given in Table I. In the second column of the table 
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TABLE I. 


FUNDAMENTAL DATA OF THE FIGURES. 
No. Obs. Aper. Magn. Seeing Date Reg. Long.Lat. Diam. © M.D. 


1 Pk 11 .660,330 10 1914 Jan. 4 A 5° + 5° 15%0 16°6 Mar. 34 
2 Pk 11 “ 4309,7 1916 Mar. 5 A O +14 12.5 63.2 May 23 
3 Pk 11 “ 430 11 1918 Apr. 28 1 +23 11.6 106.1 July 6 
4 Pk ll “ 4309,8 1920 Jun. 11 118 +23 12.8 148.7 Aug. 36 
5 Pk ll “ 330 1 1913 Dec. 31 64 +5 15.0 14.7 Mar. 30 
6 S 8 — 1877 Oct. 14 298 —25 18.8 280.1 Dec. 28 
7 Pk 12.5 475 1892 July 17 299, —15 23.1 213.8 Oct. 35 
8 B_ 8.5 320 1920 Jun. 18 47 +23 12.1 152.3 Aug. 42 
9 Pk 11 660,430 1918 Apr. 21 57 +22 12.1 103.0 June 55 
10 S 18 — 1884 Feb. 19 13.1 52.5 Apr. 56 


273 +9 14.0 4.7 Mar. 10 
55 +21 9.6 170.7 Sept. 20 
240 +17 13.8 50.4 Apr. 51 
246 +22 14.1 90.0 June 27 
303 +14 12.2 65.0 May 27 
301 +22 13.6 94.8 June 38 
287 +14 11.7 66.7 May 31 
304 +422 13.9 92.5 June 33 


12 Pk ll 660 1920 July 22 
13 Ph 8 — 1916 Feb. 5 
14 Ph 12.2 400 1918 Mar. 23 
15 Pk 11 4301012 1916 Mar. 9 
16 Pk 11 660,430 7,6 1918 Apr. 3 
17D 8 350 9 1916 Mar. 13 
1D 8 450 7,9 1918 Mar. 29 
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Pk. indicates the writer, S., Schiaparelli, Ph., the Rev. Mr. Phillips, D., 
Professor Douglass and B., a new observer, Mr. Buckstaff, to whom 
we shall refer again in a later report. 

If we compare Figures 1, 2, and 3 of region A, reprinted from Re- 
ports 8, 17, and 21, and drawn on the Martian Dates March 34, May 
23 and July 6, we shall notice besides the diminishing size of the north 
polar cap, that the number of canals has steadily increased, the newer 
ones being always narrower than their predecessors. On the other 
hand the southern detail has diminished. 

If we next compare Figures 5 and 9 of Region B taken from Reports 
8 and 21 we shall find the same three changes to have taken place. 
The decrease in the number of southern canals is very marked, as is 
also the increase of the northern ones. Region C, the extensive desert 
region of the planet, after the disappearance of the southern canals, 
shows little or no clearly defined change, except for the diminution 
of the snow cap. In Region D on the other hand the steady increase 
in the number of northern canals is about as marked as it is in Region 
A. In Region E the increase is marked in the first period, but not in 
the second, and the same is true of Region F. Mars has now been 
well observed from the vernal to the autumnal equinox, and there is 
no evidence in any one of the six sections of an increase in the southern 
detail, but on the other hand in some sections there is clear evidence of 
its diminution. For the northern hemisphere as a whole, the maximum 
number of canals occurs shortly after the summer solstice. 

In Table II is recorded the work of the three observers who re- 
ported in 1914, 1916, and 1918. In the first four columns is given the 
year and the total number of canals seen by each, which were confirmed 
by at least one other observer. In the last column is given the total 
number of canals, each of which was seen by all three of them. Mr. 





en A 





7 


SE PRBS 


a the et 


es a 


William H. Pickering 3 





Phillips was perhaps rather more conservative than usual in 1916, or 
else he had unfavorable weather. Otherwise a steady increase in the 
number of canals recorded by each observer will be noted. 


TABLE II. 


CANALS SEEN AT RECENT APPARITIONS. 


Year Ph Pk D_ ‘Total 
1914 33 36 45 24 
1916 27 42 47 23 
1918 51 57 59 36 


If now, however, instead of comparing drawings taken a few months 
apart in the spring of the Martian year, we compare those taken in the 
late autumn when the winds are blowing northerly, with those taken 
in the spring, during the southern migration of the Martian moisture, 
we shall obtain still more marked differences in the surface detail. In 
Figure 6, reprinted from Report No. 7, is shown Schiaparelli’s drawing 
of the region of the Syrtis Major, made in 1877. We may compare it 
with a drawing by the writer, Figure 7, made fifteen years later, taken 
from the same report. The Martian dates of these drawings as shown 
in Table I are December 28 and October 35. They were therefore 
drawn during the northerly flow of moisture from the melting southern 
polar cap, and may be compared with Figures 10 and 11 taken from the 
same Report. The Martian Dates of these last were April 56 and 
March 10, and they were drawn in our calendar years 1884 and 1913. 
The northern polar cap was then melting, and the moistuge of the 
planet consequently travelling southerly. 

In each of these four drawings Hammonis Cornu, the desert promon- 
tory at the following end of Sabaeus, is clearly shown, and in the first 
two, made after the September equinox, we can measure the distance 
from it to the northern point of the Syrtis. Any change in this dis- 
tance, due to the alteration in the latitude of the center of the disk, 
when laid off on the last two drawings would be slight. We can 
therefore see at once how the increased visibility of Nilosyrtis, which 
is now deluged with the water from the northern polar cap, prolongs 
the Syrtis in a northerly direction. In Figure 10 it reaches Protonilus, 
in Figure 11 it reaches in extreme density only half way to that canal. 
This difference appears to be secular rather than seasonal, but the 
density and width of these northern canals after the March equinox is 
clearly much greater than in the two other drawings. The detailed 
structure of the southern maria, on the other hand, after the September 
equinox, when they receive the water from the melting southern cap, 
is obviously greater than in the drawings made during the northern 
spring. The detail in each hemisphere develops chiefly after the melt- 
ing of its own cap. 

The vegetation on Mars, as opposed to Dr. Lowell’s statement, 
Lowell Bulletin No. 12, §52, appears according to our observations to 
develop only once a year, in each hemisphere, as it does with us. It 
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reaches its maximum in the northern hemisphere after the melting of 
the northern cap, and in the southern hemisphere after the melting of 
the southern one. Though the water crosses the planet’s surface 
twice a year, after each equinox, yet only once does the vegetation 
develop. There seems to be no defined minimum of vegetation, at least 
as far as the southern hemisphere is concerned, except where the sur- 
face is covered with snow. In other words drought and cold appear to 
be equally efficient in suppressing vegetable life. Without solar heat 
moisture is insufficient. In the northern hemisphere as a whole, the 
maximum of vegetation occurs about 190 days after the maximum 
rate of melting of the northern cap, or 210 days after the equinox. 
Its development is therefore far slower than with us. 

We have found evidence of progress of development from the pole 
towards the equator, such as was described by Dr. Lowell for the 
minimum of northern vegetation. That is to say the maximum de- 
velopment is in the reverse direction to what we find on the Earth, 
where the progress is from the equator towards the pole. The rate we 
have found is about 30 miles per day or 100 feet per minute in the 
middle latitudes. The rate Lowell found was 50 miles per day for the 
minimum (Bulletin 12, 85). 

But besides the development of the canals, a certain bodily dis- 
placement of them is found to take place. Thus in Report No. 4 it 
was shown that both Castorius and Propontis advanced towards the 
west and south, in what would correspond to the latter part of the 
Martian March. In 37 days, taking average values, the advance of 
Castorius was 400 miles, or at the rate of 11 miles per day, or 40 feet 
per minute. Propontis moved just half as fast. 

In Report No. 19 it was suggested that the curvature of the great 
canals leading away from the north pole was due to the direction of 
the planetary winds, depositing moisture along their course. From the 
curvature, the velocity of the winds was calculated, and found in gen- 
eral to be something over 100 miles an hour. There was one case 
however, Casius-Thoth, where the canal not only crossed the tropic, 
as did the others, but nearly reached as far as the equator, and where 
owing to its straightness the velocity came out very high—some 230 
miles an hour. It thus equalled the maximum observed velocity of the 
winds in our own upper air currents. Owing to the small density of 
the Martian atmosphere, about one-quarter of our own, it is believed 
that this is the maximum speed possible on that planet. The measures 
were based on drawings made early in the Martian May, when the 
northern snow cap was melting rapidly. It was then predicted, Popu- 
LAR AsTRONOMY 1918, 26, 41, Report No. 19, p. 9, that when the snow 
cap had diminished in size, we would find this velocity had decreased, 
and that this would be indicated by a shorter radius of curvature of 
the canal. Figures 13 and 14 taken from drawings by Mr. Phillips, 
Figures 15 and 16 from the drawings by the writer, and Figures 17 
and 18 by Professor Douglass, all published in Reports Nos. 17 and 21, 
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illustrate this effect. In each pair the canals are more sharply curved 
in the second drawing. Indeed Nilosyrtis in the drawings of Messrs. 
Phillips and Douglass shows the effect perhaps even more clearly 
than Casius-Thoth. 

Computing the velocity of the wind in Casius as was done in Report 
No. 19, we find that while in 1916 M. D. May 27, in the vicinity of 
Nuba, the velocity reached 230 miles an hour, in 1918 M. D. 
June 38, in the same vicinity, the velocity of the wind was reduced to 
94 miles. In 1920 on M. D. August 13 at the same place, when the 
snow cap had slightly increased in size, and was melting rather rapidly, 
as indicated by the dark ring of marsh surrounding it, the velocity 
had risen again to 130 miles per hour. It must.be remembered that 
since the Martian atmosphere is, as above stated, only one-quarter as 
dense as our own, the effect produced by these high winds there 
would be only one-quarter as great. 

Towards the close of Report No. 19, after describing the theory of 
Aerial Deposition of the canals, and showing how the velocities were 
computed, the writer expressed the hope that his readers would sug- 
gest any difficulties that might occur to them with regard to the theory. 
In the Journal of the B. A. A. 1918, 28, 138, two such objections are 
offered, and since no more have appeared, these will now be considered. 
The first was that, considering the high velocity of the polar winds, 
capable of reaching the equator from the polar cap in about two solar 
days, the canals seemed to grow comparatively slowly. In reply 
to this criticism it should be stated that usually the canals do not grow 
in length, they merely fade out, and later reappear by darkening along 
their whole extent at once. That is the growth seems to be not in 
length, but in density, presumably owing to the development of vege- 
tation. That they develop throughout their whole length at once, of 
itself implies a high speed of transportation of the necessary moisture. 

The second objection raised to the theory was the difficulty of un- 
derstanding why the canals should appear season after season in ap- 
proximately the same relative positions. In Report No. 19, p. 15, it 
is stated that in consequence of the almost necessarily tetrahedral con- 
traction of a cooling planet, the water from the melting polar cap 
should be deposited in three main depressions along its border. These 
three regions have been identified as Acidalium, Propontis, and Bor- 
eosyrtis. While the winds from the polar cap may perhaps blow 
southerly over a large portion of its rim, it is only where they cross 
these three depressed regions that they are able to secure the necessary 
moisture with which to mark their course over the desert regions of 
the planet. The longitudinal arrangement of some of the Martian 
snowstorms, which we shall study presently, throws further light on 
this matter. 

So much evidence has already been given in Reports Nos. 4, 12, 15, 
16, and 18 regarding the shifting detail on the surface of Mars, that it 
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may seem wearisome as well as unnecessary to give more, but some- 
thing bearing on the seasonal changes has come up at this past appar- 
ition that appears to be appropriate in this connection. It relates to 
the shifting northern boundary of the southern maria, and indicates 
that when the southern polar cap increases in size, a portion at 
least of this boundary also moves northward. The results are given 
in Table III where the successive columns give the date of the obser- 
vation, the solar longitude, the corresponding Martian date, the diam- 
eter of the disk, the longitude of the center, the latitude of the center, 
the observed latitude of the edge of the mare, the latitude according 
to the map in Report No. 15, and the advance of the mare towards the 
north. The‘average gleviation of the observations, when made near op- 
position, is found in general to be about one degree. The map has been 
found correct at earlier apparitions. The last observation was made 
with the micrometer, and gave an average deviation of 0”.1, or about 
two degrees of latitude. But little weight is attached to it however, 
because, as shown in Report No. 22, the systematic errors occurring 
with this instrument, when small planetary detail is to be measured, 
are so large, that the method of observation later mentioned in that 
Report gives results that are far preferable to any micrometric 
measures. Indeed the measurement was only made in order to see 
how large a difference between the results obtained by the two methods 
we were likely to find. 

One more change may now be mentioned on account of its special 
interest, which while it may be seasonal, is perhaps more likely to 
prove to be secular. In Schiaparelli’s maps from 1877 to 1888 we find 
the two canals Thoth and Nepenthes drawn much as we have seen 
them at the last few apparitions. From 1890 to 1903 they were 
replaced by the canal named by Lowell Amenthes. In 1903 for one or 
two presentations Thoth reappeared (Lowell Bulletin No. 8). It was 
soon replaced again however by Amenthes, which remained visible 
through 1907, with Thoth perhaps occasionally showing. In 1909 
neither were well seen, but in 1911 Thoth was exceedingly pronounced, 
while Amenthes had entirely disappeared, and has remained so up to 
the present year. Thoth-Nepenthes has been such a conspicuous ob- 
ject upon the planet for the past eight years, that perhaps some of us 
had forgotten that Amenthes ever existed, but this past August it re- 
appeared beside Nepenthes, © 176°.8, M. D. Sept. 30, and on Sept. 11, 
© 200°.2,M. D. Oct. 13, had replaced it, Nepenthes becoming invisible. 
The planet was then so remote, so far south, and so near the Sun, that 
it is feared no other observers were watching it, but if so, the writer 
would be glad to hear from them. 


TABLE III. 
Tue NortTHERN BOUNDARY OF THE SOUTHERN MARrIA., 
1920 © M.D. Diam. Long. Lat. Obs. Map O—M 


May 28 ~ 141°6 Aug. 22 14%1 214° +22°8 —15°6 —23° + 7°4 
June 1 143.6 Aug. 26 13.7) 185 +22.9 -—21.6 —32 +10.4 
Aug. 13 183.1 Sept. 41 8.4 193 +17.0 —18.7 —32 +13.3 

“ “ “ “ “ “ec 213 “ (— 4.6) —— ZZ (+18.4) 
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THE DISAPPEARANCE AND FORMATION OF THE NORTHERN POLAR CAP 


These two phenomena occur at about the same season of the Martian 
year, in the month of August, and sometimes one and sometimes the 
other occurs first. In looking over their past history, we find that little 
of importance was discovered prior to the present century. In 1903 
however Lowell made some interesting observations, which are record- 
ed in Bulletin No. 2 of the Lowell Observatory. He states that for 
weeks prior to the disappearance of the northern cap “it had stood 
flanked round by subsidiary white patches”. With the exception of the 
large white spot, called Olympia by Antoniadi, located in longitude 
206°, latitude +83°, and which always appears in this same place 
when the cap is sufficiently small, nothing of the sort was seen here 
this past year. Several remote tropical clouds, such as Nix Olympia, 
were however seen. Olympia is probably an elevated region,—a table 
land, although not high enough to project beyond the terminator. A 
snowy region of similar shape is found near the south pole. 

On July 5 Lowell made his last measure of the northern cap, which 
was then reduced to the very small diameter of 4°.1. Since the 
meastrre was made between the threads of a micrometer, however, a 
correction of several degrees must be added to this figure. On this 
same night he states that there became visible along the terminator 
north of Arethusa lake a large white patch which had not been visible 
two nights previously. He says “It became clear that in the last 
forty-eight hours a white deposit had taken place over a region of 
many hundred miles square.” It stretched from the neighborhood of 
the polar cap to latitude +55°. It crossed Pierius, which at the same 
time could be seen running through it. This proved that the deposit 
was not cloud. On July 7 it was impossible to recognize the old polar 
cap amid the large white areas about it. On July 16 he recorded 
“North polar snows diffuse and indefinite; no polar sea nor definite 
cap, only more brilliant where the cap was.” On July 11 Gale reported 
that “The cap is at the center of a bright hazy area” (Mem. B. A. A. 
1903, 16, 98). Molesworth later reported “Cap very indefinite and 
nebulous.” 

In 1905 on May 19, Bulletin No. 22, Lowell records “a large and 
salient white patch to the south and west of the old polar cap.” It was 
“instantly recognized as not having been there the day before.” It 
reached to latitude +63°, mid-longitude 230°. Phillips writing in 
June says the whole of the district north of +65° was whitish, though 
not uniformly so. At first there scarcely seemed to be any definite 
polar cap visible (Mem. B. A. A. 1905, 17, 59). 

In Bulletin No. 30 Lowell records that in 1907 April 8 a large white 
patch appeared to the left of the cap, which had not been seen two 
nights before. Other patches appeared during the next fortnight, 
and it was “not until April 21 that the cap settled down to a permanent 
increase of snow covered area.” It then reached to latitude +53°.5, 
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but fluctuated considerably, and almost disappeared in the middle of 
May. It extended however to + 49° on May 28, © 177°.0. This was 
its most southerly extension, and would correspond to M. D. Sept. 31. 

Dealing now with the experiences of recent years, we may say that 
prior to the vernal equinox, the northern polar cap is covered with 
clouds. These can be distinguished from the snow by their yellow 
color, their lesser brilliancy, and their constantly varying size. Ob- 
servers should therefore always record the color as well as the bright- 
ness of any bright area seen. In case there is snow at either pole, it 
will serve as a standard of whiteness. The northern cap appears to 
be of its maximum size some two or three weeks before the equinox. 
Shortly after that date the clouds vanish, the snow exposed having 
approximately the same area as the clouds that previously covered it. 
For six terrestrial weeks after the equinox it melts rapidly, the max- 
imum rate being reached after some three weeks. For the next thirteen 
weeks the diminution is slow, and after that, for twenty-six weeks, or 
sixteen weeks after the solstice, the area remains practically constant, 
with but small fluctuations. This carries it well into the Martian 
August. 

During this interval the cap has been sometimes seen sharply de- 
fined, but surrounded by a fainter white collar of uniform width, pre- 
sumably due to frost (see Report No. 20; p. 2). On this occasion the 
solar longitude was 75°.5, M. D. May 51. Lowell describes what 
appears to have been the same phenomenon in Bulletin No. 20. He 
says it was visible many times in January, February, and March, 1905. 
It was observed here only once, as an unsymmetrical marking this 
past year, © 87°.4, M. D. June 21, although the planet was very well 
situated to show it. It is possible that several of the appearances de- 
scribed by Lowell may have been due to cloud, as he himself suggests. 
His earliest and last observations correspond to © 87°.8 and 120°.7, 
or to M. D. June 22 and July 36. 

On July 5, 1918, © 138°.5, M. D. Aug. 16, a small accession to the 
snow cap was noticed about trebling its area. This seems to have 
been the first real snowstorm of that apparition, although it was not 
recognized as such at the time. On M. D. Aug. 27 a very considera'yle 
storm occurred. Others followed, our last satisfactory observation be- 
ing made on the Martian Date of Sept. 13. 

On June 1 of the present year, M. D. Aug. 26, the northern polar 
cap of Mars was bright, sharply defined, and reached only as far 
south as latitude + 84°, corresponding to a diameter of about 500 
miles. For several months it had presented but slight variations in 
its dimensions, and no indications of any change whatever were ap- 
parent, such for instance as extensive cloud formations. The central 
latitude of the disk was + 22°.9, so that the pole was turned well 
towards us, and the whole of the snow cap was clearly visible. What 
was my surprise then on the following evening, © 144°.1, when the 
central meridian was 198°, to see a long line of white lying along the 
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terminator, and extending as far south as latitude + 40°. As the 
planet rotated the white area slowly came on to the disk. It extended 
farthest south in Neith, in longitude 280°, but crossed Casius, cover- 
ing Utopia and Uchronia, and extended to within about 100 miles of 
the polar cap. That this brilliant and conspicuous formation was not 
due to cloud was quite evident, since the new fallen snow was of a 
dazzling whiteness, and quite unlike the yellow clouds, some of which 
lay along the limb on the opposite side of the planet. It was indeed 
whiter than either of the polar caps, which doubtless had small scatter- 
ed clouds floating over them. It covered not only the brighter regions, 
but also portions of Utopia, as above noted, which on May 29 had 
been strikingly dark, 4. 

It evidently had been snowing during the Martian night, as the 
snow reached to the sunrise terminator, but there was no indication 
that the snow extended as far as the sunlit polar regions. The area 
covered by the storm was at least 800,000 square miles, or one-quarter 
of the area of the United States. It was necessary to stop observing 
before the whole of the western boundary of the snow came into view, 
on account of clouds in our own atmosphere, and after 13", central 
meridian 239°, Mars was too low to observe longer under the local 
weather conditions. Had anyone been observing the planet to the 
west of us, they could have seen the phenomenon much better than we 
did. The month of June is in the height of our cloudy season, and 
unfavorable to work of this sort. June 3 and 4 were cloudy, but the 
next night we had a clear view, and followed the planet until after 
midnight. The snow had mostly melted south of latitude + 60°, and 
the eastern border was no longer sharply bounded by a dark marshy 
area, as it was on the night of June 2. It was on the contrary hazy 
and indistinct, although the snow was still white, thus implying that it 
had broken up into small isolated patches not individually distinguish- 
able. This snowstorm deposited an area of snow which while lying 
in general in an east and west direction had a marked southerly exten- 
sion between Casius and Nilosyrtis. 

In the next storm, observed June 11, M. D. Aug. 36, this extension 
was lacking, and we could see the whole area of snow deposited (see 
Figure 4). The elliptical northern polar cap will be at once recognized 
at the bottom of the picture, and the southern snow nearly opposite 
to it. Just above the northern snow cap we see the area of fresh fallen 
snow, and at the limb in the same latitude we see another one. Just 
above that, also on the limb and indicated by dots, we find a yellowish 
white area not so bright nor so white as the others, which we interpret 
to be clouds. This storm was rather smaller than its predecessor, and 
measured 1,450 miles by 480, thus covering an area of 700,000 square 
miles. It lay between longitudes 90° and 205°, it therefore crossed 
the Propontis’ depression, and lay between latitudes + 64° and + 77°. 
It covered portions of Nerigos, Scandia, Panchaia, and Ierne. It too 
failed to reach the polar cap. For several nights preceding and fol- 
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lowing this observation it was cloudy here, but Mr. R. N. Buckstaff 
of Oshkosh, Wisconsin, who was observing on June 12, makes no men- 
tion of any unusual northern snow. He states that “the markings 
around the north polar cap were gray green.” This would indicate that 
the snow had all melted by this time, and that the fall was therefore 
light. 

The next storm was observed by Mr. Buckstaff himself on June 18, 
M. D. Aug. 42 (see Figure 8). It also had an east and west extension, 
but was located rather farther south than its predecessor, between 
latitudes + 40° and + 55°. It stretched westerly from the Acidalium 
marsh, but as it lacked observers farther to the west, its length is un- 
known. On June 19 the westerly portion of it had melted. No further 
observations could be obtained until June 22 when it had disappeared. 
Mr. Buckstaff states that it was not visible on June 17. The writer 
observed the planet on June 17 and 20, but no snow was visible on 
either of those nights, so this snowfall too was short lived, and ap- 
parently lasted no more than two days. 

None of these storms reached the polar cap, but on July 2, M. D. 
Aug. 56, the next storm observed here had a north and south extension 
instead of an east and westerly one. It included the cap, and extended 
south to latitude about -++ 65°, in longitude 260°. It is possible, that 
this snow was in part what was left from the first storm, as it was in 
the same portion of the planet, but this does not seem at all likely. 
Moreover it had certainly since then extended towards the north, as 
it now included the polar cap. This same white area had been noticed 
as early as June 29, but its outline was then so hazy and indistinct 
that it could not be observed satisfactorily. No further observations 
could be made until July 2. 

There was evidently another storm July 16 and 17 which included 
the cap. Its boundaries were indistinct, and it stretched directly 
across the disk from terminator to limb. By July 20 and 22, M. D. 
Sept. 18 and 20, the indistinctness had vanished, and it was now seen 
to extend in a north and south direction, its southern point reaching 
latitude + 68° in longitude 30°, or directly into the Acidalium marsh 
(see Figure 12). It measured about 1000 miles in a meridional direction 
by a little over 600 in width, but appears very much foreshortened in 
the view. All this snow had disappeared by July 25. 

All of these five snowy areas when first visible were in contact with 
the sunrise terminator, and it was clear that in every case the snow had 
been deposited at night. They were apparently never very deep. 
Judged by the color of the deposit, always a pure white, the clouds 
must have cleared away before sunrise. Only in the case of the storm 
of June 11 does a second drawing, shown in Figure 4, show the snow 
entirely clear of the terminator. It is apparent that we are never 
destined to observe the storm clouds sweep across the surface of the 
planet, leaving a white trail of snow behind them,—nor should we ex- 
pect to do so, for theoretical reasons, as has been previously explained 
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(Report No. 19). The most we can hope for is to see far northern 
clouds bounding the snowy hegion. 

It will be noted that each of these storms was associated with one 
of the three great polar marshes. The storms were of two kinds, 
those extending east and west, and those extending north and south. 
Both types are illustrated in Plate Il. Two of this last type extended 
from Boreosyrtis between Casius and Nilosyrtis, and the other one 
down the middle of Acidalium, implying winds blowing towards the 
south. Of the two which stretched east and west, the first crossed the 
nearly dry Propontis area, while the other extended due west from 
Acidalium. Earlier in the season clouds were frequently observed in 
this latter region, and it will be noticed that on the second day, ac- 
cording to Mr. Buckstaff, the western end of the snow had melted, 
showing that the deposit was thicker near the marsh. Apparently 
this storm was carried on a wind blowing from the marsh towards 
the west. 

In 1920 the first storm detected was on the Martian date of Aug. 27, 
and the last on Sept. 20. It will be remembered that each Martian 
month has 56 days, and that the equinox occurs on Sept. 36. The 
duration of these storms was therefore just seven weeks. Since then, 
for the past ten weeks, none have been observed. They appear therefore 
to have ceased. On Sept. 7 the northern polar cap disappeared, leav- 
ing the whole northern hemisphere entirely free of snow. 

On Sept. 36, twenty-nine days later, and sixteen days after the 
last snowstorm, the cap reappeared, but under a new guise. It was 
no longer small, bright, and sharply defined. It was now very large, 
reaching latitude + 50°, was whitish, and very faint, being brightest 
at the pole, where it reached brightness 8 on a scale of 10. It faded 
out very gradually without any defined southern boundary. It ap- 
peared simply like a deposit of thin hoarfrost, thickest near the pole. 
The southern cap on the other hand was distinctly yellowish and 
sharply defined. The next night the northern cap was greatly reduced 
in size. Its southern edge was still very hazy, but it did not reach 
beyond latitude + 60°. In the early part of the Martian October its 
size was still further reduced, only reaching + 70°. It was now white, 
sharply bounded, and of brightness 8 and 9. On account of the 
gibbous shape of the planet it was impossible to determine the size 
of the cap accurately, and by the middle of October it had nearly dis- 
appeared, being reduced to a short, extremely narrow, bright line. It 
is not likely that its real size was much reduced, however, since the 
Sun had now sunk 11° below the polar horizon, so that the northern- 
most latitude visible to us was 79°. Possibly one reason why the cap 
was still so small was that the planet was approaching its perihelion. 
This is reached at © 246°.7, M. D. November 31. 

Comparing the results obtained at different apparitions, we find a 
marked similarity in the phenomena described, and if we compare the 
dates as given in Table IV, a surprisingly small variation in them. 








12 Report on Mars, No. 23 





The earliest snowstorm hitherto recorded fell on August 8. The record 
of this was secured by the writer, by means of photography in 1890 
(Sidereal Messenger 1890, 254). See also Flammarion’s Mars, I, 464. 


TABLE IV. 
First FALL oF SNow. 
Year © M. D. Observer 
1903 149°9 Aug. 38 Lowell 
1905 149.0 Aug. 36 Lowell 
1907 150.2 Aug. 38 Lowell 
1918 138.5 Aug. 16 Pickering 
1920 144.1 Aug. 27 Pickering 


There would in general seem to be a succession of snowstorms lasting 
from early in August to the middle of September, followed by light 
frosts of very wide extent, and comparative absence of cloud. These 
summer snowstorms sometimes extend as far south as latitude + 40°. 
The extreme limit of the polar cap at the end of the winter at the 
apparitions of 1914 and 1916 did not pass latitude + 51°. According 
to Lowell, Bulletin 72, in 1911 it reached + 42° to + 45°. 

These results give us information as to the small range of tempera- 
ture between summer and winter on Mars in localities situated between 
these latitudes and the equator, and indicate that our own climate might 
be far less variable were it not for our extensive polar caps. Our 
winter isotherm of 32° passes south of the parallel of + 40° on both 
the eastern and western continents, while in summer it lies everywhere 
well to the north of + 70°. On the other hand in the southern 
hemisphere where the insolation is practically identical, but the polar 
cap is much smaller, the northern limit of isotherm 32° ranges only 
between latitude — 55° and — 68° throughout the year. 

Tropical and even equatorial frosts near the sunrise terminator, have 
been several times recorded on Mars. All of these results lead us 
to conclude that the mean annual temperature of the planet as a whole 
is below the freezing point, as compared with a temperature of 59° 
for the Earth. Perhaps if we say that the mean equatorial temperature 
of the Earth is 80°, and that of Mars 40°, we shall not be far out of 
the way. This latter figure differs but little from that of Nova Scotia 
and Sweden, although their annual range of temperature is of course 
far greater. On the other hand the results, based on mathematical 
computations of the solar radiation, which make the mean temperature 
of Mars in the vicinity of —40°, serve only as a warning, that we 
must fit our theories to our facts, rather than as in days of old, make 
statements or guesses to fit our theories. 

The new polar cap appears to be formed by a succession of uniformly 
distributed frosts, rather than by local snowstorms, and as the planet 
approaches the Sun, these frosts become less extended than at first. 
The most wide-spread frost recorded by Lowell in 1907 occurred on 

















William H, Pickering 13 





Sept. 31. The first and most extended one of the present year fell on 
Sept. 36. Both reached to the same latitude + 50°. 

It seems a little surprising at first that the earliest snowstorms 
should not always, as in 1918, include the polar cap. This may perhaps 
be explained as follows. As is well known, at the time of the summer 
solstice, the point on the Earth which receives the greatest amount of 
heat from the Sun theoretically, is the north pole. As we proceed 
southerly to latitude + 60°, less and less heat is received. From 
thence to + 40° the heat increases, and then from there to the 
Antarctic circle the. heat, or insolation as it is called, falls off to zero. 
This explains why cities in the latitude of New York in summer are 
so much hotter than those near the equator. The reason our polar 
regions are so cold, in spite of the high insolation, is on account of our 
huge ice cap. This does not apply so markedly on Mars, where the 
cap sometimes entirely disappears, as it did this year. Taking the in- 
solation at the equator at the equinoxes as unity, Lowell finds for 
Mars, for the northern solstice, the value at the north pole to be 
1.278, at latitude + 60° 1.154, at latitude + 44°.5 1.163, and at the 
equator 0.913 (Lowell Bulletin, No. 30). 

Lowell did not apparently allow for the changing distance of the 
planet from the Sun, which would make a very considerable difference 
in these figures, but would affect them all alike. After the solstice 
the insolation at the pole decreases, while the northern minimum moves 
southward. At some date therefore, the whole northern portion of the 
northern hemisphere receives a nearly equal amount of heat from the 
Sun. We now find that it also has a nearly equal temperature, since 
we learn that snow may fall and melt in any latitude north of + 40°. 
Lowell finds for this date © —130°.2. This corresponds to M. D. 
July 56. The Martian atmosphere seemingly somewhat delays the at- 
tainment of these equable conditions. 

Throughout this extended region, the night temperature in August 
would appear to be below 32° Fahr., while the day temperature, as 
shown by the rapid melting, is above it. The snowstorms appear to 
mark the turn of the atmospheric circulation of the planet from 
southerly back to northerly, the cold winds of the north meeting the 
moisture bearing winds from the south, which finally replace them. The 
light frosts succeeding, imply an absence of cloud by night as well as 
by day. If we knew as much about the varying size of our own polar 
caps as we do about those of Mars, we could tell whether any similar 
phenomena obtained in our own polar regions. It seems unlikely, but 
possibly something might be learned, now that we know what to look 
for, by studying the meteorological records of polar explorers. Farther 
south, in our northern states, we know that our autumnal storms ac- 
companied by high winds and heavy rainfall often begin about the 
last of September, but that October is usually sunny. It would appear 
that on Mars, for the northern hemisphere, immediately after the 
vernal equinox is thé wettest portion of the year, and that the southern 
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moisture begins to reach the northern pole just before the autumnal, 
without waiting for the canals. It is a matter of interest that snow- 
storms like these have only been recorded at the north pole,—never 
at the south. 
Mandeville, Jamaica, B. W. I. 

October 1, 1920. 





THE LIMIT OF THE ASTRONOMICAL TELESCOPE. 


By G. A. SHOOK. 


(Continued from page 595, Vol. XXVIII.) 


Part IT. 
THE EFFECT OF MAGNIFICATION. 


The limit of resolution, or the angle that separates two objects that 
can just be distinguished as two, depends upon the aperture of the 
objective lens and cannot be increased by any combination of eye- 
_lenses but it may be diminished, however, if the magnification is not 
sufficient. 

While the magnifying power does not depend upon the diameter of 
the objective or the diameter of the eye-lens, as is well known, but only 
upon the ratio of their focal lengths, the ratio of the diameters of these 
two lenses does depend upon the magnifying power. 














Fic. 1. Rays of light through the eye-piece; when the 
magnification is correct, when it is too high 
and when it is too low. 
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Let A be the diameter of the objective lens, F its focal length, a the 
diameter of the transmitted beam and f the focal length of the eye 
lens. We understand by the magnifying power, the ratio 


F 
M>— 
f 
But from Fig. 1 it is obvious that 
F_A A 
— =— and therefore —= M 
fa a 


Now the value of a is practically fixed since it can never be greater 
than the pupil of the eye which is not more than 0.3 cm. For any given 
telescope F is of course fixed so that the only way in which M can be 
altered is by changing f, i. e., by using different eye-pieces. Moreover 
A can never be greater than the diameter of the objective lens so that if 
a value greater than A/a is chosen for M it simply means that a is 
diminished, that is, the pupil of the eye is not filled and the illumination 
is consequently diminished. A high magnifying power means a short 
focus eye-piece which must be closer to the real image with the result 
that the size of the transmitted beam is cut down as shown in Fig. 1. 

If however a low power eye-piece is used then M is less than A/a 
and this means that the effective aperture A is cut down since a cannot 
be increased. In this case the eye-lens is so far removed from the 
image that the eye cannot regeive the full beam and therefore only a 
part of it is utilized as shown. 

To get the full resolving power of any telescope, therefore, one 
must use a magnification as great as A/a. 

We cannot, manifestly, increase the resolving power of our telescope 
without increasing the aperture of the objective but this means an in- 
crease in magnification and this in turn means that all the disturbing 
effects of the atmosphere will be increased so that the limit is soon 
reached. 


BEYOND THE LIMIT OF THE TELESCOPE, 


The question that now comes to our minds is, what do we know 
about solar systems, so to speak, like our own which are beyond the 
power of the telescope? Considering the difficulties of the problem 
our stock of information is surprisingly large and it has come to us 
indirectly through the aid of the spectroscope and the stellar photo- 
meter. 

To better understand just how a study of a star’s spectrum or its 
light curve (i. e., the variation of its brightness with time) has assisted 
us to calculate the orbits of stars whose motions are imperceptible in 
our telescopes, we will suppose an hypothetical case. Imagine two 
stars A and B, Fig. 2, revolving about a common center of gravity. 
To simplify matters we will suppose that A is at rest and that B is 
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moving about A, i. e., we will consider only the relative orbit of B. We 
will moreover assume that B is bright and A dark, not absolutely dark 
but a few magnitudes fainter than B. As B recedes from us its light 
waves will be drawn out, as it were, so that the lines in its spectrum 
will be slightly shifted toward the long wave-lengths, i. e., toward the 
red end of the spectrum. As the star approaches us its light waves will 
be crowded together and therefore its spectrum lines will be shifted 
toward the violet end of the spectrum. 








Fic. 2. Shift of the spectrum lines due to motion 
in the line of sight. 


The velocity of the star which produces this shift is easily calculated 

from the formula 

Ar : 

v=V— . 

r 
where V is the velocity of light, 186,Q00 miles per second, AA the 
change in wave-length and A the wave-length of the line under con- 
sideration. For example if the shift is about one-fifth the distance 
between the two D lines, that is, if AA/A is 1/5000 then v = 36.2 miles 
per second and if the maximum shift towards the violet (or red) 
occurs every 10 days the diameter of the orbit is about 10’ miles, 
assuming that the orbit is circular and very nearly in the line of sight. 

Now there are a number of stars which show this shift of their 
lines and in these cases we know that we are dealing with suns re- 
volving in space although their orbits are so small compared with their 
distances that we could never hope to detect their motions with our. 
telescopes. 

If both stars A and B are bright, that is of about the same magni- 
tude, when one is approaching and the other receding the spectrum 
lines common to the two will appear double, but when both are in the 
line of sight the lines will appear single again. 

When the plane of the orbit is in the line of sight the dark com- 
panion will eclipse the primary and the exact time of this eclipse can 
be determined by means of a stellar photometer which is simply an 
instrument for measuring the intensity or magnitude of one star in 
terms of another taken as a standard. 

Let us suppose that A is bright and B dark. As B revolves about 
A there will be one point in its orbit where it will eclipse A, as at M, 
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Fig. 3, and thus cause its brightness to diminish considerably but for 
any other position of B the light from A will reach us unobstructed. 
The light curve will therefore appear as indicated in Fig. 3. 
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Fic. 3. Light curves of eclipsing binaries. 


The binary character of Algol was determined in the manner indi- 
cated above. Once in two days and twenty hours the light of this star 
falls to one-third its usual value. The Arabs were cognizant of this 
phenomenon and called the star el Ghoul, which means the demon, for 
they observed that it winked its eye periodically, in a truly demoniacal 
manner. 

As early as 1783 Goodricke suggested that its variation in brightness 
might be due to the fact that a large body revolves about it in such 
a way as to eclipse it periodically. During the eclipse however, the 
star loses about two-thirds of its light which means that the com- 
panion covers two-thirds of the primary and as the duration of the 
phase is large in relation to the period, the diameters of the two stars 
must be very large compared with their distance apart. Indeed the 
distance between their centers is estimated to be only about five times 
the radius of Algol so that the eclipsing theory was not seriously con- 
sidered until Vogel in 1888, by means of the spectroscope, found that 
17 hours before the minimum Algol is receding from us at the rate 
of 27 miles per second and that 17 hours after the minimum it is 
coming toward us at the same rate. 

It was possible then to determine not only the orbit of Algol but to 
make an estimate of its diameter and also the diameter of the dark 
companion. Such facts could not be determined directly with the 
telescope for reasons set forth above. 

A recent discovery, no less striking, was made by Stebbins with a 
selenium photometer by means of which he was able to determine a 
change in brightness as small as 0.06 magnitude. 

Stebbins proved that the light curve has a secondary minimum mid- 
way between the principal minima and that moreover the intensity 
gradually increases up to the secondary minimum. The explanation he 
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‘ . : ; ‘ 
gives for these new facts is that the companion keeps the same side 
always toward Algol and on account of the small distance between the 
two this side is bright. As the companion approaches the position N, 
Fig. 3, the bright side is turned toward us so that the brightness in- 
creases until it begins to pass in the rear of the primary and then the 
primary eclipses it and therefore the total light received by us is slightly 
less. This causes the secondary minimum. As it passes out of the 
shadow of Algol it adds its light to that of Algol so that the total 
amount of light increases. As the bright side turns away from us the 
light gradually falls off until the companion begins to pass in front 
of Algol. At this point the light falls off abruptly as indicated. 
These facts are given to indicate that our future progress depends 
not so much upon larger and finer telescopes as upon more refined 
auxiliary apparatus such as the spectroscope and photometer. 
Wheaton College. 





TWENTY-FOURTH MEETING OF THE AMERICAN 
ASTRONOMICAL SOCIETY. 


(Continued from page 607, Vol. XXVIII.) 


ABSTRACTS OF PAPERS 


NEW LINES IN THE SPECTRUM OF OXYGEN. 


By C. C. Kigss. 


The spectrum of an oxygen-filled Geissler tube has been studied at 
the Bureau of Standards to secure more precise values for the wave- 
lengths of its lines, especially those in the red and infra-red regions. 
During the course of the work, three new groups consisting of three 
lines each were discovered. These lines have also been observed here 
in the spark spectra of various elements in air. In the tube spectrum 
they are very weak and appear on the spectrograms with intensities 
sufficient for measurement only after exposures of two hours or more. 
They appear with much greater intensity as air lines in the spark spec- 
tra of metals. 

The following table gives the wave-lengths of the new lines based 
on measurements of a few of the spectrograms: 
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Vacuum TUBE SPARK IN AIR 
ATA. iand remarks ASA. iand remarks 
7476.58 1 hazy 7476.70 2) These two lines 
7479.23 <1 Sean i form a wide 
7481.27 -<1 hazy 7482.03 2) hazy blend. 
7947.58 2 7947.76 6 
7950.84 1 7950.92 5 
7952.22 <i 7952.36 5 
8221.84 1 8221.75 2 
8230.05 <1 8230.15 2 
8233.05 <1 8233.14 1 


VELOCITY-CURVES FOR SPECTROSCOPIC BINARIES. 


By Epwarp S. Kine. 


It seems that much labor might be saved by having a system of 
standard curves. Accordingly, I have prepared a set of ten charts 
representing values of », or the periastron distance from 0° to 90°. 
Each chart has seven curves, all for the same value of o, representing 
values of e, or eccentricity, from .00 to .60. The curves coincide at 
their periastron points. All the curves on all the charts are drawn 
to the same linear length for the period, and similarly for the ampli- 
_ tude. Hence, to use them one will need to draw his curve on tracing 
paper laid over a sheet of cross section paper of the same scale as the 
charts, and to find the nearest curve matching it. We may have to 
invert or reverse our tracing paper, or to do both, in order to obtain 
a match. In this way, the charts show curves not only for the » as 
given, but for 180° —wo, 180° +o, and 360°—wo. Any additional 
curves drawn in the charts for interpolation will add to their value. 
By having charts of standard scale for period and amplitude, all work 
done.for any star may be utilized later for other stars. 

As a sort of index to these curves, another chart has been prepared 
showing the shorter intercept on the axis of X, as well as the difference 
in phase for the upper and the lower crests for the varying values of 
e and w. The abscissas are distances given in degrees measured on 
the axis of X. The different eccentricities are represented by contour 
lines. Using the figures for » on one side of the chart shows the values 
for the intercepts; using the figures, which are in reverse order, on the 
opposite side shows the distance from crest to crest. Knowing approx- 
imately the value of the intercept and the distance between the upper 
and the lower crest, the chart will give values for e and » good enough 
for locating the nearest curve. When it is desired to correct the first 
approximation of » and e, these curves will show what change should 
be made to produce the desired effect. If we wish to preserve the in- 
tercept but change , the chart indicates what change must be made 
in e to counteract that in . 

All these curves have been derived from the Allegheny Tables. In 
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the velocity-curves, no interpolation was necessary. By taking the 
values for even degrees, and by using a suitable table of natural cosines 
the values for the curves could be read off as fast as an assistant was 
able to write them down. 


PHOTOMETRY OF ECLIPSED MOON. 


By Epwarp S. Kina. 


I had prepared to observe the total lunar eclipse of last May photo- 
graphically by comparing the image of the moon with disks of stars 
photographed out of focus. If stars of different magnitudes are photo- 
graphed out of focus so that their images are of the same size as that of 
the moon photographed in focus, we have only to pick out the star giv- 
ing an image of the same tint as the moon’s image to determine the 
magnitude of the light reflected by the moon during the eclipse. 

Clouds at Cambridge prevented observations as planned, but the 
principle is applicable to any eclipse of which we have photographs, 
provided the instrument is still in commission. For example, a nine 
minute exposure of the total eclipse of September 3, 1895, photo- 
graphed with the 8-inch Draper telescope, shows the entire disk of the 
moon and a number of star trails. If now we photograph these stars 
with the same instrument rated to produce trails of equal length in 
nine minutes, such a plate gives the means of comparing present con- 
ditions with those in 1895. Having established this relation, we may 
photograph the region out of focus, giving the same exposure of nine 
minutes. If the stars are not sufficiently bright to give comparable 
images when photographed the size of the moon, it will be necessary 
to set the plate nearer to focus and to correct for the reduced size of 
image. On the slide exhibited the star disks were about four magni- 
tudes brighter than if they were of the lunar size. If we find that a 
certain portion of the lunar surface is equal in tint to a certain star, 
which may be of the sixth magnitude, then we can say that, if the whole 
lunar surface were of like brightness, it would be equivalent to a 
second magnitude star. 

The work so far is simply tentative. It is hoped that use may be 
made of the idea both for eclipses to come, and particularly for those 
photographed in the past. 


PARALLAX RESULTS OBTAINED AT THE YERKES OBSERVATORY. 


By Otiver J. LEE AND GEORGE VAN BIESBROECK. 





Parallaxes of forty stars have been derived during the year ending 
June 30, 1920, from plates taken with the 40-inch telescope. No essen- 
tial change has been made in the method of obtaining, measuring or 
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reducing the plates, with one exception. The rotating sector has been 
rebuilt so that the disks are now less than 2 cm from the plate instead 
of 14 cm as heretofore, thus eliminating danger of the cone of light 
from the parallax star being accidentally distorted by the axis or edge 
of the sector. 

The average probable error for this list of parallaxes is + 0.0090, 
the average number of plates for a field is 14.5 and the average number 
of comparison stars for a field is 4.3. 

The parallaxes of the following three stars are of especial interest : 


Capella +0°'078 + 0°'007 
Furuhjelm’s companion +0.070 + 0.006 
Sirius +0.367 + 0.010 
Arcturus +0.095 + 0.006 


A summary of these results will appear soon in the Astronomical 
Journal. Full details will be given later in the Publications of the 
Yerkes Observatory. 


PHOTOGRAPHIC ZENITH TUBE AT THE U. S. NAVAL 
OBSERVATORY, 1915.9-1920.0. 
By F. B. Litter. 


The probable error (internal) of a latitude from one star + 0°089 
The probable error due to night error + 0.015 
The probable error of latitude for a complete night + 0.030 


The aberration constant deduced from four years’ work 20°’454 + 0°’008 


The path of the pole was shown plotted from the results at Washing- 
ton and Greenwich. 
Kimura or 2-term was deduced by the use of the x's and y’s 
of the international variation of latitude work for 1916 and 1917, and 
is as follows for each tenth of each year. 


1916 1917 
0.0 +005 +003 
i a ee 
02 — 05 — .06 
= a 
~ ieee ae 
as —- 2 .—- 
06 + .02 — .O1 
eo +s 00 
08 + .05 + .01 
09 + .05 + .05 
Te oa a 


The barometric gradients were examined for 1916 and 1917 and 
the conclusion was reached that small refraction effects were present 
due to tilted air strata, but that they were not nearly large enough nor 
in satisfactory phase agreement to account for the Kimura term. 
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THE ECLIPSING BINARIES uz* SCORPII AND V PUPPIS. 
By Antonia C. Maury. 


The relative orbits of the spectroscopic binaries »’ Scorpii and V 
Puppis have been determined from a long series of photographs taken 
at the Harvard Observatory Station at Arequipa, Peru, and extending 
over twenty-five years. The binaries are both Class B stars, showing 
two unequal components. 


The following are the elements of the relative orbit of »’ Scorpii: 


P = 1,44627 days 
T = J. D. 2412375.571 
= 190° 
= 05 
K+ K, = 480 km 
(a+a,) sint = 9,534,000 km 
(m+ m,) sin? i = 16.50 


The following are the elements of the relative orbit of V Puppis: 


P = 1.454475 days 

T = J. D. 2412778.327 
w = 72° 

e = .08 


K+ K, = 604 km 
(a+ a,) sint = 12,041,000 km 
(m+ m,) sin? i = 33 © 


The presence of »? on all the photographs of p’ led to the discovery 
of light variation in »’, and the star was found to be an eclipsing vari- 
able of the 8 Lyrae type, showing double eclipse and continuous vari- 
ation. The maxima are probably equal and the minima unequal, the 
principal minimum occurring when the fainter star is in front; the curve 
being thus similar to that of V Puppis. The range was estimated by 
Miss Leavitt to be between three and. four tenths of a magnitude. 

In addition to light variation, both »* Scorpii and V Puppis show 
variation in the intensity of the line spectra of their components. This 
variation is reciprocal, periodic with apparently irregular fluctuations 
and accompanied by changes in the width and structure of the lines. 
It follows the same law as that seen in short period variables where the 
star grows brighter when approaching the earth and fades when re- 
ceding from it. The relative intensity of the lines of the faint compon- 
ent as compared with those of the bright was about four tenths greater 
in approach than in recession, the amount of variation being about the 
same in p’ Scorpii and V Puppis. 

Light was thrown on the nature of this variation by the accompany- 
ing structural changes in the lines. Their normal aspect is wide and 
hazy. At times however, the hazy lines appeared to have border max- 
ima, with lighter haze between. Occasionally, the central haze disap- 
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peared leaving the delicate border lines standing out distinctly. The 
composite line of the binary then appeared quadruple. Of the four 
fine lines, that toward red was generally weaker and sometimes entire- 
ly disappeared, the composite line then appearing triple. 

This loss of the border toward red of the line of the receding star 
was often strikingly seen in the case of the bright star, and is the rule 
in the faint star, its lines generally having but half their normal 
width. This is the most important fact brought out by the study of the 
structural changes in the spectra of these spectroscopic binaries. 

The appearance of border maxima may be caused by the superposi- 
tion of a narrower central band of greater emission, due to the chromo- 
sphere of the star; and the effacement of the border toward red may 
be due to differential effect either of pressure or of rotary motion on 
the rays of emission and absorption, causing the bright-central line to 
overlap the dark border. ; 

The phengmena may be due to stellar tides. 


THE SYSTEMATIC ERRORS OF STELLAR PARALLAXES 
DETERMINED BY PHOTOGRAPHY AT THE 
LEANDER McCORMICK OBSERVATORY. 


By S. A. MITCHELL. 


The parallaxes of 260 stars obtained from photographs with the 26- 
inch refractor have been completed at the Leander McCormick Observ- 
atory. On the average the parallaxes depend on 20 plates, each photo- 
graphed with two separate images, the plates being taken in five suc- 
cessive seasons. The average probable error of a parallax determina- 
tion is 0”.009. 

This large number of parallaxes obtained under a consistent plan 
will make of interest comparisons with other parallaxes. Such a com- 
parison was made independently by the writer, and by Adams, Joy and 
Stromberg, by Boss and by van Maanen, the McCormick parallaxes 
having been communicated in advance of publication. Adams, Joy 
and Stromberg made a comparison with the spectroscopic parallaxes 
determined at Mt. Wilson, Publications of the Astronomical Society of 
the Pacific, 32, 195, 1920, the result of this comparison of 194 stars 
in common showing that the spectroscopic parallaxes are on the aver- 
age 0”.0006 larger than the McCormick parallaxes. The latest revised 
values of the spectroscopic parallaxes are based on the best of the 
modern trigonometric parallaxes, and the close agreement between the 
McCormick and the spectroscopic results shows that the McCormick 
parallaxes must be on the same system as the average of the best 
trigonometric work. 

If the difference from the spectroscopic results should be treated as 
a systematic error, then the McCormick parallaxes should have a sys- 
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tematic correction amounting to-++0”.0006. In the Astronomical Journal, 
33, 17, 1920 from less complete data, Boss finds the systematic cor- 
rection to the McCormick parallaxes of +0”’.0014. An unpublished 
investigation by van Maanen, referred to in Mt. Wilson Contributions, 
182, 9, 1920, shows the correction to the McCormick parallaxes to be 
between — 0”.001 and —0”.002. If one should take the mean of these 
three independent determinations the conclusion is reached that the 
systematic error of the McCormick parallaxes is less than 0”.001. 


ABSORPTION OF THE PHOTOGRAPHIC RAYS BY THE ATMOS- 
PHERIC WATER CONTENT. 


By Grorce Henry PETERS. 


At a meeting of the Washington Optical Society, in January 1920, 
Professor H. H. Kimball of the U. S. Weather Bureau gave an inter- 
esting talk. The subject was “Variation in the Total and Luminous 
Solar Radiation, with Geographical Position, in the United States.” 
This has since been published as a contribution to the Monthly Weather 
Review, Vol. 47, No. 11, W. B. No. 699. 

Among other matters discussed at the meeting was the absorption 
of light and heat waves, of the sun, by the water vapor pressure of our 
atmosphere. The water vapor content of the atmosphere, as shown 
by Professor Kimball’s tables, varies with the season. It is greatest, 
generally, during the summer months. This mixture of water vapor 
particles with the air is invisible to the eye, unless the vapor is con- 
densed, when clouds are formed. 

Upon many nights during the summer season, the writer has been 
surprised at the lack of results obtained upon photographs taken for 
faint celestial objects. On many of these occasions the sky, while 
apparently clear, seemed to have a low transmissive power for the 
photographic rays. The experience just described was noted in the 
case of exposures of 40 minutes or more, near the celestial equator. 
These plates, for the observation of minor planets, were made with the 
10-inch lenses of the photographic telescope of the U. S. Naval Ob- 
servatory. Upon several occasions, objects of this class were observed 
elsewhere, which were absolutely invisible upon our negatives, taken 
with a normal exposure. At that time, the failure to obtain images of 
these minor planets was inexplicable. A record is kept, not only of 
the beginning and ending times of the exposure, but also of tempera- 
ture, the condition of the sky, and other data considered necessary for 
reference when the plates are measured and reduced. 

Dr. Kimball states, that from 7 to 10 per cent of the heat and light 
waves are absorbed, in transmission, by this invisible water vapor con- 
tent of the atmosphere, under maximum conditions. It is reasonable 
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therefore to assume that the shorter wave-lengths, the blue, violet and 
ultra-violet regions of the spectrum, suffer a higher percentage of ab- 
sorption than those of heat and light. This would explain the failure 
to obtain results on the photographs for observation of the minor 
planets, above referred to. The remedy is obvious under the stated 
conditions. At the season when this maximum water vapor absorption 
takes place, the exposure with the telescope must be increased sufficient- 
ly to make up for the loss of actinic energy occasioned by that absorp- 
tion. In the case of heat and light waves, this absorption is a function 
of the zenith distance of the object, upon a curve determined by Dr. 
Kimball. For the actinic rays this curve would have to be modified. If 
the factors are known, charts or tables can be prepared, showing the ab- 
sorption for any class of rays under the different circumstances. These 
charts would be valuable to the astronomer, as existing atmospheric 
absorptive effects could be read from them. The photographic ex- 
posures could then be regulated accordingly. The limiting magnitude, 
observable by a given telescope at a certain declination, would be cur- 
tailed by this water vapor absorption. In our locality, the water vapor 
content of the atmosphere is greater in summer than in winter. Faint 
objects can therefore be more easily observed photographically with a 
telescope in the latter season. 

This absorptive factor is different for various parts of the country. 
On the arid western plateaux it is naturally much less than in the east. 
The proximity of large water areas increases this absorption. The 
atmospheric absorption by water vapor diminishes rapidly with eleva- 
tion. The western plateau regions thus offer additional advantages for 
astronomical work by photographic methods. This fact should be re- 
cognized when establishing new stations where such observations are to 
be made. Cloudiness and water pressure vapor are related terms. They 
pass from one to the other when the local temperatures of the higher 
altitudes are suitable for the transformation. The general absorption 
due to haziness of the atmosphere on different nights can be estimated 
by the experienced observer with a considerable degree of accuracy. 
The vapor pressure absorption, however, is practically invisible to the 
eye, except by comparison of stars at high altitudes with those near the 
horizon. In regions where this water vapor absorption is extreme an 
instrumental equipment for determining this factor is, of course, de- 
sirable, especially where a regular program in celestial photography 
is carried on. 
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. THE SPECTROSCOPIC ORBITS AND ABSOLUTE DIMENSIONS OF 
THE ECLIPSING VARIABLES TX HERCULIS AND Y CYGNI. 


By J. S. PLasKett. 


In these two interesting variables both spectra are visible and consc- 
quently by combining spectroscopic and photometric orbits the ab- 
solute dimensions of the systems have been obtained. 

In TX Herculis, a= 17" 15".4, 8 = + 42° 0’, spectrai type A2, mag. 
8.0, the lines are fairly sharp and consequently reliable incas::1es were 
obtained, the probable error of a plate for the brighter component be- 
ing ++ 2.6 km per second. So far as the spectroscopic data are con- 
cerned the dimensions may be considered accurate to within two per 
cent, but the photometric orbit is not so satisfactory. The orbit is cir- 
cular and there can be no doubt that the spectroscopic phase occurs 
about an hour later than computed minimum similar to what occurred 
in RS Vulpeculae and TW Draconis, but in the opposite direction to 
that found in Algol, 8 Librae and u Herculis by Schlesinger. The ex- 
planation must evidently lie in error in the period or original phase in 
the photometric observations. 

Using Shapley’s darkened orbit the radius of each star is 1.33 times 
the sun, and they are separated by a distance 10.67 the sun’s radius. 
The mass of the principal star is 2.04, and of the secondary 1.77 times 
the sun, while their densities are 0.87 and 0.75 times the sun. Using 
Shapley’s assumptions as to surface intensity for an A2 star, the abso- 
lute magnitude of the principal star is + 2.4 and its parallax 0.0055. 

Y Cygni, a= 20" 48".1, 3 + 34° 17’, spectral type B3, magnitude 
7.0, is especially interesting on account of the considerable photometric 
work performed and the uncertainty of some of the results. ‘The 
difficulty has lain in the fact that the period is only five minnies less 
than three days and in order to get well distributed photometric or 
spectroscopic observations work should be continued over several sea- 
sons. Dunér determined a photometric orbit of considerable eccentric- 
ity many years ago, but Shapley’s circular orbit determined from ob- 
servations by Wendell agrees more closely with the spectroscopic work 
and has been used. 

The spectra of both components are visible but the lines are so 
broad and lacking in contrast that measures are exceedingly difficult 
and correspondingly uncertain and if it were not for the high separa- 
tion, nearly five hundred kilometers, the orbit would be poor. A con- 
siderable number of plates were obtained and although the probable 
error per plate is about 16 kilometres per second the amplitudes and 
dimensions so far as determined from the spectra are probably correct 
within two per cent. 

Using Shapley’s darkened orbit the radius of each star is 4.6 times 
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and the separation 27.7 times the radius of the sun. The masses are 
16.6 and 15.3 times, and the densities 0.17 and 0.158 times, for the 
principal and secondary components respectively, the masses and 
densities of the sun. The system is hence one of the most massive 
known. So far as can be determined from the spectroscopic observa- 
tions the orbit is circular and the spectroscopic and photometric phases 
agree. Again using Shapley’s assumption as to surface intensity of 


a B3 star, the absolute magnitude of the principal component is —1.15 
and the parallax 0”.0018. 





WHEN AN ECLIPSE PREVENTED A WAR. 
By WIiLuiAM F. RiccE. 


From an Indian village near the present town of Lisbon, North 
Dakota, a great war party set out one day. After they had been out 
for a short time, the sun was blotted out in full day and the party 
became so terrified that they fled precipitately back to the village. The 
question asked of the astronomer by the historian was: When did this 
eclipse occur, and was it a total one? The answer was that it happened 
in 1724 on May 22 at 11:04 a. m. Central Time, and that the obscura- 
tion was 96.4 per cent. See PopuLar Astronomy for June-July, 1920. 


DIRECT MICROMETRICAL OBSERVATIONS OF THE SUN. 
EXACT FORMULAS. 


By E. D. Rog, Jr. 


This paper is complimentary to a previous one published in Astro- 
nomical Journal 769. It is first shown by comparison with the results 
of exact formulas that the approximations used in the discussion of 
the fundamental assumptions in Astronomical Journal 769 are adequate 
for the purpose. Next formulas are derived to supply the changed 
values of P, B, L, as seen from the surface of the earth when the sun 
is on the meridian, as follows: 


(1+ tan p tan B, sec P)« 
cos(P + AP)= cos P 





[sec® p sin? P + (cos P + tan p tan B,)*)"" 
B,+AB,= B,+ pcos P, L,+4AL,=L,+ p sin P, 


where p is the displacement of the center of the sun’s disc due to a 
displacement of the observer from the center to the surface of the earth, 
(i. e., the angle between the earth’s center and the point of observation 
on the surface as seen from the sun’s center), and P, B,, L, have the 
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meanings given in the Nautical Almanac. For Syracuse p<8", 
AP< 1", hence no use can be made of the change in P. 
Lastly by using the exact angle between the axes, 90° + «, where 


xy 
{ (d*— x”) (d*? — y*) }*” 


and by introducing the other corrections, the formulas previously given 
for obtaining the heliographic latitude and longitude become exact, re- 
fraction excepted, when /, +,, vy) are replaced by B, + AB), % cose, 

Yo + % Sine respectively and finally L, by L, + AL,. 


sine = 





THE MENSURATIONAL PROPERTIES OF THE PHOTOGRAPHIC 
PLATE. 


By Frank E. Ross. 


It is assumed, as a working hypothesis at least, that distortions on a 
photographic plate, of whatever kind, are due to inequalities of dry- 
ing. If the emulsion on a plate has dried without distortion, it means 
that there has been complete equilibrium of the powerful stresses lying 
in the plane of the plate, which are due to the adhesion between the 
glass and the contracting gelatine. These forces increase as the dry- 
ing goes on, rapidly mounting to a maximum when the drying is nearly 
complete. It follows that if contiguous areas of a plate are in differ- 
ent phases with respect to drying, these stresses become unbalanced 
and the gelatine accordingly moves from the region of slow toward the 
region of quick drying. 

Inequalities in drying are due to physical and chemical factors. It 
is found that tanned gelatine has a greatly reduced power of absorbing 
water. It is further found that certain of the reaction products of 
development, notably quinone, have a strong tanning action on the 
gelatine. These reaction products depend on the developer and its 
composition, the proportion of sulphite being a determining factor. 
An increase of sulphite diminishes the effect. 

The action is localized in the developed image, varying in intensity 
with the densify of the image. The result is the setting up of an ex- 
tremely complicated system of stresses in a drying plate upon whose 
surface images of various sizes and shapes are impressed. These lead 
to a correspondingly complicated system of strains or distortions, in 
general minute, but in particular cases measurable and of an important 
amount. The distortions are localized in a band at the edge of the 
image, and appear to remain constant for all images greater than about 
5 mm in diameter. This however is not certain. With a pyro-metol 
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developer, strongly tanning, an image 1.7 mm in diameter is found to 
contract 6 per cent, and displaces neighboring small images as much 
as 20 p. 

Experiments were made to determine the effect upon photographic 
measures of double stars and close spectral lines. In both cases the 
contraction on drying was found to vary from 2 to 8 microns, depend- 
ing on developer. The contraction can not be expressed as a percent- 
age, as it was found not to vary with the separation of the component 
stars or lines, at least within the limits of .05 and .10 mm separation in 
the case of double stars and limits of .10 and .15 mm in the case of 
spectral lines. The developers giving the least contraction are those 
giving a neutral-colored or bluish-black image. 

Further application is found to the following classes of measure- 
ments: (1) Photographic measures of the diameters of sun and moon 
and measures of position of neighboring stars. (2) Measures of the 
Einstein deflection of light rays in the region surrounding the sun, the 
corona in this case being the disturbing factor. (3) Measures of rela- 
tive position of stars in closely packed clusters, of importance in the 
study of the history of such systems. 

From the measures of the effect so far made it would not be correct 
to attempt an estimate of the effect in the important cases enumerated 
above. For this special experiments will have to be made. On account 
of the great differences in hardness of the gelatine in emulsions of var- 
ious makers an additional difficulty is introduced. 


A SOLUTION OF R MINUS D OBSERVATIONS. 
By Artuur J. Roy. 


With material derived from reversed positions of the instrument, a 
solution of R minus D is obtained, separating the cosine flexure from 
various constant terms. The mean of the results in the two positions 


gives the double cosine flexure and the half difference gives double the 
sum of the uneliminated constant terms. 


THE RADIAL VELOCITIES OF TEN Oe5 STARS. 
By W. Cart Rurus 


Variable radial velocity appears to be a characteristic of the stars of 
spectral class Oe5. Among the ten stars of the accompanying table 
five were recently announced by the writer as having variable radial 
velocities' and two others gave a velocity range of ten kilometers per 
second. Of the three remaining cases two stars, S Monocerotis and 10 
Lacertae, have previously published ranges? of about 25 and 12 kilo- 
meters respectively ; while the third*, A Orionis (A), has a Yerkes un- 


*Astrophysical Journal, §1, 252. May, 1920. 


"Frost and Adams, Jbid., 19, 154, 1904; Frost, Jbid., 40, 268, 1914. 
*Kapteyn and Adams, /bid., 32, 84, 1910. 
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published radial velocity of +36 kilometers per second, but our results 
from five plates show a small range, eight kilometers per second, which 
may not be entirely due to errors of measurement, as the probable 
error of a single plate of average quality (3390) is only 1.1 kilometers 
per second. 

In addition to the ten stars of the “Table of Velocities” four other 
stars of class Oe5 are spectroscopic binaries with large velocity ranges, 
€ Persei, #* Orionis (C), « Orionis and +r Canis Majoris. 

Columns 1, 2 and 3 of the table give the designation of the star, the 
number of spectrograms measured and reduced, and the maximum and 
minimum radial velocities observed. The fourth column gives the 
mean radial velocity reduced to the sun for six of the stars having a 
velocity range not exceeding about 20 kilometers, to which is appended 
the center of mass velocity of € Persei* and Orionis®. The last column 
tabulates the residual radial velocity after eliminating the component 
due to the motion of the sun. The average of this column gives a 
first rough determination of the space velocity of stars of class Oe5. 


TABLE OF VELOCITIES. 


No. of Velocity Range Mean Radial Residual 
Star Plates km per sec. Velocity Radial Velocity 

B. D. +-52° 726 5 — 0.9 to—10.3 — 59 — 6 
B. D. +37° 1146 7 + 0.3 to —20.3 — 6.6 —l4 
 Orionis (A) 5 +39.5 to +31.9 +35.3 +18 
{A Orionis (B) 1 +34.1] 

S Monocerotis : +39.6 to +18.3 +28.6 +12 
9 Sagittae a +17.1to— 7.9 

B. D. +44° 3639 6 +22.2 to —17.5 

A Cygni 3 +-28.8 to —54.0 

B. D. +56° 2617 6 +92.6 to —65.2 

19 Cephei S — 9.7 to—19.2 —144 —1 
10 Lacertae 6 — 5.1to—16.6 —10.4 +1 

AppENDED List. 

é Persei Center of mass velocity -+15.4 +10 

« Orionis Center of mass velocity -+21.3 +2 
Average residual radial velocity of 8 Oe5 stars (considered positive) 8 


ON THE PROBABLE DIAMETER OF THE STARS. 
By Henry Norris RUSSELL. 


The apparent angular diameter of a star depends only on its visual 
magnitude and its surface brightness. There is good reason to believe 
that the latter, if expressed in stellar magnitudes, varies proportionally 
to the color-index. 

If then the relative surface brightness of stars of classes A and K 
can be determined, that of all other classes follows. The existing data, 
though still very imperfect, permit of seven independent estimates of 


‘Publications of the Dominion Observatory, 1, 370, 1912. 
5 Plaskett and Harper, Astrophysical Journal, 30, 379, 1909. 
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this quantity, which are fairly accordant, and give a mean value of 
3.9 + 0.4 magnitude. 

A simple table then gives the probable angular diameter of any star 
of known spectral class and visual magnitude, and also the linear dia- 
meter, if the absolute magnitude is known. 

The stars of greatest probable angular diameter are all red. The 
largest are given below, with some of the brightest white stars for 
comparison. 


Star Diameter Star Diameter 
a Orionis 0°031 a Canis Majoris 0°'007 
a Scorpii 0.028 a Carinae 0. 009 
B Crucis 0. 026 a, Centauri 0.008 
a Tauri 0.024 a Lyrae 0.003 
B Gruis 0.020 B Orionis 0.002 
a Bodtis 0.019 B Centauri 0.0014 


The stars of the first list are very attractive for observation with 
the new Michelson apparatus. 


RADIATION PRESSURE AND CELESTIAL MOTIONS. 
By Henry Norris RUSSELL. 


It has recently been suggested that the pressure of radiation may 
have an important influence upon the motions of nebulae, or even of 
some spectroscopic binaries. It can be shown that such influences 
must be wholly negligible. 

The pressure due to the radiation of the whole galaxy is of the order 
of 2 < 10°** dynes/cm*. Under the most favorable assumptions, the 
resulting acceleration of a nebula like that in Andromeda would be of 
the order of 10°'° cm/sec”. To produce the observed radial velocity 
would require, at this rate, 10° years. = 

Under similarly exaggerated assumptions the maximum effect of 
radiation pressure between the components of a spectroscopic binary 
can at most be of the order of 10°° of the gravitational attraction. 

Neither radiation pressure, electric forces, nor the gravitation of the 
galaxy as a whole appears to be capable of accounting for the great 
velocities of the spiral nebulae, which present a still unsolved problem. 


THE ASTRONOMICAL ASPECTS OF AETHER THEORY 
VERSUS RELATIVITY. 


By S. SILBerstTeEIn. 


The “aether theory” alluded to in the title of the paper is that based 
upon a modified compressible aether of Stokes-Planck, a first sketch of 
which was given in the Philosophical Magazine for February, 1920. 
The possibilities offered by such an aether theory, as contrasted with 
Einstein’s generalized theory of relativity and gravitation, were now 
further investigated and discussed in some detail, chiefly in relation to 
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(1) the bending of rays around heavy masses (such as the sun), (2) 
the dynamics of planetary motion, and (3) the optical and mechanical 
aspects of the diurnal rotation of the earth. Lastly, some difficulties 
or, at least, gaps in Einstein’s theory of the relativity of rotational 
motion in general were pointed out. 


PROGRESS IN PHOTO-ELECTRIC PHOTOMETRY, WITH A NEW 
LIGHT-CURVE OF ALGOL. 
By Jor: Sressrns. 


As a rough test of the constancy of the light of stars taken at random, 
about one hundred objects were observed in groups of six to a dozen, 
the magnitude of each star being referred to two adjacent stars. The 
probably error of a single observation, comprising three readings on 
each star, is about 0".015, and in the hundred stars no residual as large 
as that of a tenth of a magnitude was obtained in four observations 
taken over intervals of at least several weeks. The discovery of new 
variables by chance in this way is not very promising, and it seems 
better to test objects with spectroscopic orbital motion or other known 
pecularities. 

For certain known variables several years will be required to secure 
good light-curves. Such a case is the eclipsing variable, 8 Librae, 
which with a period of 2-1/3 days repeats its changes in almost exactly 
a week, and the complete cycle of light variation may only be observed 
in six years. 

During the winter 1919-1920 a new photo-electric light-curve of 
Algol was determined for comparison with the similar curve deter- 
mined ten years previously with the selenium photometer. A very 
close agreement between the two curves was found. In particular the 
secondary minimum seems to be at the same phase, showing that 
changes in the period of the main eclipse can not be due to the rotation 
of the line of apsides of an elliptical orbit. The secondary eclipse is 
about 0™.04, as compared with the previous measure of 0™.06, which 
with the color-equations of the photo-electric and selenium cells might 
indicate that the companion of Algol is of solar type, as compared 
with the spectrum B8 of the primary. Complete publication in the 
Astrophysical Journal. 
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PASSING THROUGH THE RING-PLANE OF SATURN, 


By MARY MURRAY HOPKINS. 


Ever since that summer of 1610 when Galileo first saw the rings of 
Saturn they have been of great interest not only to professional astron- 
omers and amateurs but also to the chance visitor in an observatory 
who nearly always asks to see these unique objects. Galileo himself 
never understood what they were. His first statement about them 
was that “Saturn is not a single star but three together which touch 
each other” and his earliest drawings show them so.* Since the two 
luminous discs at the sides of Saturn seemed to retain their positions 
in reference to the planet, Galileo must have realized that they were 
not satellites revolving around the larger globe. About a year and a 
half after their discovery these appendages, after gradually growing 
attenuated, disappeared. “Has Saturn devoured his own children,” 
writes Galileo in dismay, “or was the appearance indeed fraud and 
illusion with which the glasses have so long mocked me.” As the rings 
reappeared Galileo saw them first as “two small lateral stars” and, after 
another year, as “two mitres, giving Saturn the figure of an olive.” 
He saw “two very dark spots in the middle of the attachment of the 
mitres or, as one may say, ears.” 

This so alarming and mysterious disappearance and reappearance 
was, after half a century, recognized as a regularly recurring phenom- 
enon, easily understood when once the fact that these appendages are 
rings was known. Galileo, however, died in 1642 and there is no 
evidence that anyone understood the true form of the rings until 1659 
when Huygens announced that “Saturn is girdled by a thin flat ring 

ee everywhere distinct from the planet.” Huygens reached this 
conclusion as the result of observations carried on before, during, and 
following the disappearance of the rings in 1656. 

It must have been evident very early that these luminous extensions 
beyond the disc of the planet could not be truly, as they were called, 
ansae (handles) attached to the main globe. For, since the earth is 
constantly changing its direction from Saturn, such handles seen 
from various positions, would change in appearance so as to depart 
widely from symmetry and uniform extent. Observation, however, 
showed that while the ansae went through a series of changes from 
broad, to narrow, to disappearance, and then narrow and broad again, 
they extended out just so far on each side of the planet itself and were 
generally symmetrical. This could be accounted for perfectly by 
Huygens’ explanation. The years have brought many added observa- 
tions of the details of the appearance of the ansae and changes in ideas 
in regard to the structure of the rings, first, from the supposition of 


* Facsimiles from Galileo’s MSS. Galileo his Life and Work, J. J. Fahie, p. 109. 
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solid to liquid rings and, later, to a theory of meteoric constitution, but 
no one disputes that Saturn is “girdled by a thin flat ring”. 

In 1920 and 1921 we are again able to see the wonderful series of 
changes in appearance which alarmed Galileo and enlightened Huygens. 
We still have much to learn both about the details of the appearance 
of the rings and about their actual constitution and the evolution which 
may be progressing there. We constantly ask ourselves* “whether we 
see in the rings of Saturn a finished structure . . . or whether they 
represent merely a stage in the process of development out of the 
chaotic state in which it is impossible to doubt that the materials of all 
planets were originally merged.” 

Saturn completes its orbital journey around the sun in about twenty 
nine and a half years. The plane of its orbit is inclined at a small 
angle, about two and a half degrees, to the plane of the earth’s orbit, 
so that twice in its long year Saturn is in the same plane with the 
earth and sun. The line in which the plane of the orbit of Saturn 
cuts the plane of the earth’s orbit (plane of the ecliptic) is called the 
line of nodes. 

Saturn, like all the planets, moves along so that its axis always 
points, sensibly, in one direction and hence the planes passed through 
its equator, in its various positions as Saturn moves around its orbit, 
would all be parallel to each other. The rings are in the plane of the 
planet’s equator so they would be included in these successive equator- 
ial planes and it is this plane which we call the ring-plane of Saturn. 

The planet’s equator is tipped at an angle of about 26°.6 to its orbit 
and hence a little more than 29° to the ecliptic. Picture the sun at S, 
Figure 1, and Saturn’s orbit ten times as far away as the earth’s orbit 
in a plane only slightly tipped to the orbit of the earth. Picture also a 
plane passed through Saturn's rings and inclined to the ecliptic at about 
one-third of a right angle. As Saturn moves along in its orbit this 
ring-plane cuts the ecliptic-plane in parallel lines. It may be seen that 
it is only through a very small part of its thirty year journey that this 
line will cut across the earth’s orbit. There will evidently be just one 
moment when the line where the ring-plane cuts the plane of the 
ecliptic passes through the sun, so that the sun is in the ring-plane. 
Hence once in fifteen years, and only once, the sun will shine on the 
edge of the rings. It may also be seen that for some time before and 
after the moment just described the ring-plane is cutting across the 
earth’s orbit and that if the earth happens to be at a certain point in 
its orbit when the ring-plane cuts through that point, the earth will be 
in the plane of the rings. If the rings may be supposed to shine only 
by reflected light we should expect at such a time not to see the rings 
extending out on either side of the planet, since only the very thin 
unilluminated edge would be turned towards us; and to see them, if 
at all, as a very thin dark line across the planet’s bright disc. 

It may happen that, before this moment when the earth is in the 


* History of Astronomy in XIX Century, Agnes Clerke, p. 300. 
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plane of the rings the earth and the sun are on the same side of the 
plane so that from the earth we see the illuminated surface of the rings. 
Consider then Figure 1 and see that if this were so then, as the ring- 
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Ficure 1. 
S = Sun. = Saturn and rings. 
ABCD = plane of ecliptic. F HIG = plane of rings. 
E = earth’s orbit. F G = cutting line of ring-plane and 
O’ O” = Saturn’s orbit. plane of ecliptic. ~ 


SN = line of nodes. 


plane and earth move, it may happen that the earth and sun are on op- 
posite sides of the ring-plane after the earth has passed through the 
plane, so that we see the flat surface of the rings on which the sun is 
not shining. This is the case in which we now find ourselves. Yet the 
rings are easily seen and, as has been recorded at other similar phases 
in earlier years, the rings appear to be uneven and non-uniformly 
lighted (see Fig. 2). How shall we account for this light? Are the 
rings translucent; are they as uneven as they look? Professor Barnard 
in his very interesting and full notes of the appearance in 1907* ex- 


i. 


at, 


Ficure 2. 


From a pencil sketch of Saturn made 
December 2, 1920, 22" G. M. T. 





presses the opinion that the apparent thickening is only apparent and 
due to greater brightness, as we see the filament in an incandescent 
lamp apparently thicker when it glows. His argument is that if there 
are really masses on or in the ring they would be very conspicuous 
when the ring is seen edgewise when, as a matter of fact, they have 
not been seen at all during that aspect of the rings. 











* Monthly Notices of the Royal Astronomical Society, LXVIII, pp. 346-68. 
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It takes the ring-plane about a year to trail across the earth’s orbit. 
And it can be shown that the earth may pass through the ring-plane 
once or three times, but not twice, during this period.* The cases 
where we pass three times through the ring-plane are about half of 
all the times and this passage of 1920-1921 is one of the favorable 
times when we pass three times. The apparition of 1907 was likewise 
favorable but there will be only one passage of the earth through the 
ring-plane in 1937 and Saturn will, moreover, be unfavorably placed 
for northern observers. The event for 1950 also appears to be a single 
passage occasion. The changing aspect during these next months 
offers a rare opportunity for observation of a most interesting occur- 
rence. 
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Earth’s orbit and successive positions of line 
of intersection of ring-plane and 
plane of ecliptic. 


Turning to Figure 3 we see in the circle a representation of the 
earth’s orbit. The straight lines give the approximate position of the 
cutting line of the plane of the rings and the plane of the ecliptic on 
several dates from October 1920, when the line first touches the earth’s 
orbit, until October 1921, when it leaves the orbit. The position of 
the earth on several dates is also given. It will be noted that the earth 
is in the cutting line November 7, 1920, February 22, 1921, and August 
3, 1921, so that at these times we can see only the edge of the rings. 
On April 9, 1921, the center of the sun will be in the plane of the rings 
while we shall be looking at the southern flat surface of the ring- 
system. The following table gives concisely the particular appearance 
at various dates of special interest. The material for this table has 
been taken almost entirely from a very interesting papert by Major 
P. H. Hepburn, L. L. B., F. R. A. S. 


* See, for example, 
1, Monthly Notices Royal Astronomical Society, LXVIII, H. H. Turner, 
pp. 460-464. 
2. Saturn and his System. R. A. Proctor, Chap. IV. 
3. Journal of the British Astronomical Association, Vol. XXX, Major P. 
H. Hepburn, p. 162. 
+ Journal British Astronomical Society, XXX, pp., 240-245, May 1920. 
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Date Position in reference 
1920° to Ring-plane Observational Notes 
Earth Sun 
Oct. 5 South South As ring narrows can its trace be seen 
across planet? Shadow north of trace? 
Nov. 7 In the South How near time of passage can ring be 
plane seen? Visibility depends on thickness of 
ring. 
Dec. 31 North South Widest phase as seen from earth. Pro- 
jection of ring on planet a dark streak 
—Shadow north of it. Condensations or 
knots on the ansae—position, shape, rela- 
1921 tive brightness. 
Feb. 22 In the South Sun near the ring- plane. Ring trace and 
plane shadow visible? Favorable time for ob- 
" servation of irregularities in ring. 
Apr. 9 South In the Ring widely open. Trace visible. Takes 
plane sun four days to pass through the plane. 
When does shadow of rings become visi- 
ble? 
May 12 South North Maximum width of rings. 
Aug. 3 In the North Planet no longer in favorable position 
plane for observation. 


Observers with small instruments may be encouraged to know how 
much has been seen with the eleven-inch refractor at Smith College 
Observatory, Northampton, Massachusetts. Observations were begun 
on November 5 and have been continued on every clear night but 
two by the writer. The weather has been very unfavorable but on 
three nights up to December 24 observing conditions were really 
good. Extracts from the notes of these nights follow. 

November 13, 1920, 21", G. M. T. until dawn. Seeing excellent. The 
dark trace of the rings across Saturn was very clearly seen. It ap- 
peared very clean cut and straight. I had seen this line distinctly but 
only for separate instants of good seeing on November 10 and 12. I 
saw two bands on the planet one south of the trace, thicker near the 
center of the disc, and fading out in an attenuated line before reaching 
the limb. North near the center a shading of about the same width, 
seeming almost to cling to the trace. This shading was not always 
seen and was less than one-fourth the planet’s diameter in length. I 
saw at the east a faint bright spot in line with three distinctly seen 
satellites. It seemed more hazy and elongated than they. As this spot 
gradually approached the planet and disappeared at the limb at about 
twenty-two hours it could not have been a condensation along the ring 
as I at first thought. It was probably Mimas. As it came close to the 
disc it seemed a trifle south of the trace. There was absolutely no 
other suspicion of light on either side of the planet. 

December 2, 1920, 20", G. M. T. until dawn. Seeing not so good as 
on November 13. Details on Jupiter not so numerous, so distinct, or 
so long held as on November 13. The moment I glanced at Saturn it 
appeared about as shown in Figure 2, the ansae seeming bright. The 

dark trace was very sharp and apparently black at first glance. As the 
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illuminated micrometer thread was brought across the disc, however, 
the comparison showed the thread black and distinct and the ‘trace 
a soft gray and not absolutely defined on the edges. The band on the 
planet to the south (above in the sketch) could be traced nearer to the 
limb and seemed more uniform in width than on November 13. The 
patch north was less surely observed. The preceding ansa (at the left 
in the sketch) seemed a little south of the trace, matching its southern 
edge perhaps, but could not be traced up close to the disc. The outer 
condensation on the preceding ansa seemed further from the dise than 
the outer one on the following ansa. Both of these condensations on 
the preceding ansa are spindle shaped. The thickened regions on the 
following ansa are of different form. The one nearer the disc seems 
to touch it and does not taper. The farther one appeared almost star- 
like at times. 

An interesting incident was seen when, at 20" 45" G. M. T., looking 
back into the telescope, I noticed that what I had previously thought 
was one satellite was now distinctly two. Rhea had been hiding Dione. 
These events must be quite frequent during this period as the orbits 
of the satellites are nearly in the equatorial or ring-plane. It seems 
odd to see, as we do this winter, Saturn’s Satellites strung nearly ina 
straight line. 

The micrometer thread when brought in coincidence with the trace 
seemed to entirely hide both trace and ansae, showing that they are 
much narrower than the sketch seems to indicate. 

December 19, 1920, 19" G. M. T. to 23" G. M. T. Seeing only fair. 
The four condensations all seem knot-like. The preceding ansa can be 
traced up to the disc edge. Through these hours I have occasionally 
seen what seemed a faint “echo” of the trace north of it. It is much 
fainter than the dark trace but is contiguous along the whole length. 

At about 22" G. M. T. I looked at Saturn with a six-inch refractor. 
The trace on the planet’s disc was very dark and distinct. When the 
seeing was best I could detect the ansae. The preceding ansa was 
seen once or twice when I could not glimpse the following. They both 
appeared straight and thin. 

Smith College Observatory, 

Northampton, Massachusetts, ; 
December 24, 1920. 
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ASTRONOMICAL PHENOMENA IN 1921. 


ECLIPSES. 


In the year 1921 there will be four eclipses, two of the sun and two of the 
moon, 

The first will be an annular eclipse of the sun on April 7, astronomical 
time, or April 8, civil time. The path of the annular phase lies almost wholly 
in the north Atlantic and Arctic oceans. At points where the eclipse is central 
the ring of the sun which will be visible will have a width of about 30”. The 
circumstances of the eclipse are as follows: 
































ANNULAR Ectipse or Aprit 7, 1921. 


Greenwich Mean Longitude from Latitude 


ime Greenwich 
d ih m ° , ° ’ 
Eclipse begins Apr. 7 18 51.6 +14 40 +17 59 
Central eclipse begins 7 20 23.5 +42 38 +45 41 
Central eclipse at local app. noon 7 21 448 —34 19 +75 28 
Central eclipse ends i 22. 33 —153 5 77° «30 
Eclipse ends 7 23 37.7 —104 58 +51 12 


The second will be a total eclipse of the moon on April 21. The beginning 
will be visible generally in North America, South America, the Atlantic and 
Pacific oceans; the ending visible generally in North America, South America, 


Australia, the Pacific ocean and the eastern part of Asia. This eclipse will be 
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of interest because the moon will be high in the heavens during the entire 
eclipse for North American observers. The magnitude of the eclipse = 1.074. 


The circumstances of the eclipse are as follows: 


d h m 
Moon enters penumbra Apr. 21 16 57.3 G.M.T. 
Moon enters umbra a 2 3.2 =* 
Total eclipse begins nan Bw 
Middle of eclipse 21 19 44.4 “ 
Total eclipse ends a. mw 3.3 =«6* 
Moon leaves umbra nae 2 | 
Moon leaves penumbra 4. ae ae OCO”™ 


The third will be a total eclipse of the sun on October 1, civil time. 


path of totality begins in the south Pacific west of Cape Horn and curves south 
and east, ending near the south pole. It is not likely that any expeditions will 
be organized to observe this eclipse because of the inhospitable character of the 
region along the path of totality. The circumstances of the eclipse are as fol- 


lows: 
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Tota Ectipse oF SEPTEMBER 30-OcTosBer 1, 1921. 


Greenwich Mean Longitude from 
‘ Time Greenwich 
d ih m ° , 
Eclipse begins Sept. 30 22 27.2 +70 28 
Central eclipse begins Oct. 1 0 00 +96 33 
Central eclipse at local app. noon > t 8 +19 23 
Central eclipse ends 1 1 iil —127 14 
Eclipse ends 1 2 40 —S0 57 


Latitude 


° , 


—19 56 
—52 28 
—84 23 
—86 20 
—55 22 





The 
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Ficure 1. 
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Apparent paths of the planets 
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The last will be a partial eclipse of the moon on October 16. The beginning 
will be visible generally in Asia except the eastern part, Europe, Africa, the 
eastern part of South America, the Indian ocean and the Atlantic ocean; the 
ending visible generally in western Asia, Europe, Africa, South America, North 
America except the xtreme western part, the Atlantic ocean and the western 
part of the Indian ocean. The magnitude of the eclipse =0.938 (moon’s 
diameter = 1.0) so that the eclipse will be nearly total. The circumstances of 
this eclipse are as follows: 


d h m 
Moon enters penumbra Oct. 6 8 1.2G6¢MT 
Moon enters umbra 16 9 14.0 “ 
Middle of eclipse 6 0 SS = * 
Moon leaves umbra 6 26 “ 
Moon leaves penumbra oi Gs “* 


The diagrams of the solar eclipses as well as the data of the eclipses for the 
year are taken from the American Ephemeris for 1921. The times given are all 
in Greenwich mean time unless otherwise stated. To reduce these times to 
Central Standard Time add 6 hours. If the number of hours is then 24 or more 
increase the number of the days by 1 and subtract 24 hours from the hour 
column. When the number of hours is less than 12 read a. M.; while if more 
than 12 and less than 24 read Pp. M. after subtracting 12 hours. 


THE PLANETS. 


The accompanying diagrams, Figures 1, 2, and 3, show the paths of the larger 
planets for the year. When possible the position at the beginning of each month 
is indicated. . 

Mercury begins the year in Sagittarius and closes it in the same constella- 
tion after having made a little more than one complete circuit of the heavens. 
While the general course of the planet is eastward it nevertheless makes two 
loops, one in Aquarius and one in Gemini, and a reversed S curve in Virgo and 


Libra. 


14" 12 10" 


+30° 


+20° 


+10° 


0° 


—10° 


—20° 





—30° 
Ficure 2. 


Apparent paths of the planets Jupiter and Saturn among the 
stars during the year 1921. 
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Ficure 3. 





Apparent paths of the planets Mars, Uranus, and Neptune among the stars 
during the year 1921. 
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Venus begins ‘the year in the eastern part of Capricornus and after making 
a single loop in Pisces and Aries continues eastward until at the end of the year 
it is in Sagittarius. 

Mars starts the year in Aquarius and continues an uninterrupted course east- 
ward until the close of the year finds the planet in Virgo. At no time during 
the year will Mars be favorably located for northern observers, but during 
December it will be above the horizon for several hours before sunrise. 


Jupiter will be in Leo and Virgo throughout the year. January finds it in 
the eastern part but by May 6 retrograde motion will place it not far from 
Regulus. Thereafter direct motion ensues and by December 31 the planet will 
be near Spica. 


South . 


North 


Apparent orbits of the satellites of Jupiter at date of opposition, March 4, 
1921, as seen in an inverting telescope, and elongated in the ratio of three 
to one in the direction of their minor axes. 


Saturn will be near Jupiter all the year. On January 1 the planet will be 
in the western part of Virgo but retrograde motion places it near o Leonis by 
May 21. The following day it has turned eastward and by the end of the year 
it will be near Y Virginis. 


Saturn’s rings will be so nearly edgewise to us that its ring system will 
hardly be recognized as such. The earth passes through the plane of the rings 
on February 22 and August 3. As the planet will be close to the sun on 
the latter date it will be unfavorably situated for observation. The February 
date is therefore our last good opportunity for seeing the edgewise phase for the 
next sixteen years. 

Uranus spends the entire year in Aquarius between the stars @ and A Aquarii. 
It has a slow direct motion until June 14, retrograde from that date to November 
15 and then direct motion again to the end of the year. 

Neptune will be in Cancer throughout the year. Retrograde motion prevails 
until about April 21; direct motion then ensues until November 18 and after 
this date retrograde motion until the close of the year. The total effect pro- 
duces an eastward motion of less than 12 minutes of time and a southward 
motion of a little more than half a degree. 
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To locate the planets with respect to the sun is a comparatively simple 
matter. The sun is at the vernal equinox about March 21 and has an average 
eastward motion of 2 hours a month along the ecliptic which is shown on the 
charts. The charts are oriented so that the top is north, the bottom south, the 
right end west and the“left end east. If the planet is then east of the sun it 
will be visible in the evening and if west of the sun, in the morning. Thus will 


SouTH SoutH 


i 


NortH 


Apparent orbit of te satellite of 
Neptune at date of opposition, 
February 1, 1921, as seen in an 
inverting telescope. 


NortH 


Apparent orbits of the satellites of 
Uranus at date of opposition, August 
31, 1921, as seen in an inverting tel- 
escope. 


Mars be visible on July 1? On that date Mars will have a right ascension of 

approximately 6 hours 58 minutes. On June 21 the sun’s right ascension will 

be 6 hours and by July 1 this will have increased about 20 minutes. Mars 
will therefore be about 38 minutes east of the sun and therefore never above the 
| horizon after darkness comes. 


THE Comets. 


Two periodic comets may be expected to return to perfhelion during this year: 
Winnecke’s well-known comet, which has made many returns, and Metcalf’s 
comet 1906 / for which a period of 7.588 years was derived from the early ob- 
servations. We have not as yet received definitive elements of Metcalf’s comet. 


1. Winnecke’s comet will be at perihelion early in July and should be in favor- 
able position for observation by northern observers during the spring months. 
It may be seen by southern observers in the autumn. 


2. Metcalf’s comet, if the period given above is correct, will be near perihelion 
in December, and might be picked up in the autumn, but the elements at hand 
are too uncertain to make any prediction of value. 
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METEORS. 


These objects are always of interest and much must still be done before 
many of the questions concerning them can be answered. Those who wish to 
do some observing but have no instrumental equipment can still be of real 
service in this field. Anyone interested can obtain information by writing to 
Dr. Charles P. Olivier, chairman of the meteor committee of the American 
Astronomical Society, University of Virginia. 

Mr. W. F. Denning, the noted English authority on meteors, published the 
following table in the Companion to the Observatory for 1919. It will still be 
of value to those interested in this phase of astronomy. 


Radiant Average 

Date a 8 Number 
Jan. 2 230 +52 18 
Jan. 3 230 +52 28 
Apr. 19 270 +33 8 
Apr. 20 271 +33 9 
May 3 334 —2 6 
Aug. 9 44 +57 48 
Aug. 10 45 +57 69 
Oct. 18 92 +15 21 
Oct. 19 98 +14 20 
Nov. 13 150 +22 20 
Nov. 14 150 +22 21 
Nov. 18 25 +43 15 
Dec. 10 111 +33 22 
Dec. 11 112 +33 23 


VARIABLE STARS. 


The variable star tables which have been published from month to month 
for many years will be continued. Those having telescopes available will find 
it most interesting to follow the changes in brightness of these stars. 


OcCULTATIONS. 


We regret to report that Mr. Arthur Snow of the Nautical Almanac Office 
finds it will not be possible for him to continue furnishing the occultation tables 
published last year. It will therefore be necessary to publish the list as given 
in the American Ephemeris of those occultations which are visible at Washington. 


SATELLITES. 


When Jupiter is in a position to be observed in the evening the phenomena 
of the satellites as given in the American Ephemeris will be published. 

Saturn’s satellites will appear to move back and forth in practically straight 
lines as we shall be near the plane of the orbits of the brighter satellites the 
entire year. 

The satellite diagrams have been copied from the American Ephemeris. 
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PLANET NOTES FOR FEBRUARY, 1921. 





The phases of the moon for this month are as follows: 


New Moon February 7 at 6:36.9 p.m. C.S.T. 
First Quarter So “Gaze “ 7 
Full Moon ma saeco am. “ 


NOZINOH HLWON 


MoZInOM se" 





SOUTH HORIZON 


THE CONSTELLATIONS AT 9:00 Pp. M. FEBRUARY 1. 


Mercury will be at eastern elongation on the 15th and should therefore be vis- 
ible in the southwest after sunset. The planet will be only 18° from the sun at the 
time and its stellar magnitude will be about —0.2 so that it will require a clear 
sky near the horizon in order that it may be seen with the naked eye. 
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Venus reaches greatest eastern elongation on the 9th when the planet’s 
distance from the sun will be nearly 47°. As its stellar magnitude will 
average —4.0 it will be readily visible to the unaided eye during the daytime if 
care is taken to shield the eye from direct sunlight. 


Mars will be too near the sun for satisfactory observation. 


Jupiter will be at opposition in March and therefore will soon be in position 
for evening observation. 


Saturn is also approaching opposition so that it can be observed in the same 
part of the sky as Jupiter. On the 22nd the earth passes through the plane of 
the rings, passing from the unilluminated to the illuminated side. Observa- 
tions at this time will be of interest. 


Uranus will be in conjunction with the sun on the 24th and therefore will 
be unfavorably situated for observation throughout the month. 


Neptune will be at opposition on the Ist. The planet may be found on the 
ecliptic in right ascension 9 hours if a star chart and small telescope are avail- 
able. With a fairly high magnifying power it should be recognized by the 
greenish tinge and size of disc. 





Occultations Visible at Washington. 


[From the American Ephemeris.] 
IMMERSION. EMERSION. 


Date Star’s Magni- Washing- Angle E Washing- Angle E Dura- 
1921 Name tude ton M.T. from N ton M.T. from N tion 
Feb. 4 p Sagittarii 4.0 16 31 86 17 37 270 1 6 
15 148B Tauri 5.9 4 47 72 6 10 261 1 24 
15 162 B Tauri 6.3 9 41 153 10 9 201 0 28 
15 180B Tauri 6.1 me 2 153 13 24 205 0 23 
16 =m Tauri 5.0 13. 2 80 13 54 288 0 52 
20 a Cancri 43 5 41 54 6 21 331 0 40 
20 = « Cancri 5.1 10 59 168 11 42 237 0 43 
26 8 Librae 5.3 17 38 160 18 28 230 0 49 
26 @ Librae 2.9 17 58 175 18 26 215 0 28 





Saturn.—“Barnard states from observations of Saturn on November 
twenty-seventh Greenwich Time twenty-one hours that the dark side of the 
ring with the two sets « : condensations was readily visible in forty inch telescope 
-just as they appeared in 1907 but no trace of the sunlit edge of the ring could 
be seen.” S. I. Batey. 

Harvard College Observatory Bulletin 734. 
Cambridge, Mass., U. S. A., November 29, 1920. 
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VARIABLE STARS. 


Minima of Variable Stars of Short Period. 


[Calculated by members of the class in General Astronomy at Carleton College.] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
dard time subtract 5"; Central Standard time 6", etc. 


Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in 1921 
February 
h m ” 4 dh dh h d dh 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 218 
RT Sculptor. 31.5 —26 13 9.6—10.5 0 123 14 82 62 aw Ss 
UU Androm 38.5 +30 24 10.7—11.9 1 11.7 ‘Zi 27wee 2 4 
U Cephei 0 53.4 +81 20 70—9.0 2 118 411 1122 1910 2621 
Z Persei 2 33.7 +41 46 94-12 3014 ony Ba Bi as 
TW Cassiop. 37.6 +65 19 82— 9.0 1 103 4&me wines »s 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 52 usa BA BW 
RZ Cassiop. 39.9 +69 13 69— 8.1 1 047 i2 87 ti 2s 
TX Cassiop. 44.4 +62 22 9.4 —10.1 2 22.2 111 10 6 19 1 2719 
ST Persei 53.7 +38 47 85—10.5 2 15.6 18 9776 Ba 
RX Cassiop. 2 58.8 +67 11 8.6— 9.1 32 07.6 25 4 
Algol 3 01.7 +40 34 23— 3.5 2 208 22 72 Bz B@ i 
RT Persei 16.7 +46 12 9.5—11.5 0 20.4 7 1 #1320 2015 27 10 
d Tauri 55.1 +12 12 3.3— 42 3 22.9 28 282 DBS 2 i 
RW Tauri 3 57.8 +27 51 7.1—<1l 2 18.5 43; Bi awe , 
RV Persei 4 04.2 +33 59 95—11.0 1 23.4 [si Bl a Ss 
RW Persei 13.3 +42 04 8.8—11.0 13 048 2 21 16 
SZ Tauri 31.4 +18 20 7.2—7.7 3 03.6 IM 1k i Bu 
RS Cephei 4 48.6 +80 06 9.5—12.0. 12 10.1 811 20 22 
TT Aurige 5 028 +39 27 78—87 0160 3 6 922 23 6 2922 
RY Aurige 11.5 +38 13 10.7—11.7 2 17.5 811 1615 2419 
RZ Aurige 42.9 +31 40 10.6—13.3 3 003 32 323 Aas Zs 
SV Tauri 45.8 +28 05 9.4—11.0 2 040 110 10 2 1818 27 10 
Z Orionis 50.2 +13 40 9.7—10.7 5 049 $2n2? DH 
SV Gemin. 54.6 +24 28 98—<11 4002 413 1214 2014 2814 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 208 $3 821 08 B11 
U Columbe 6 11.2 —33 03 9.2—10.0 2 19.2 4a 28H BS BS Ss 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 610 1415 22 20 
RW Monoc. 29.3 + 8 54 9.0—108 1 21.7 622 MB @ 4 
RX Gemin. 43.6 +33 21 88— 9.6 12 05.0 10 6 2211 
RU Monoc. 6 49.4 — 7 28 98—10.5 0 21.5 6 2 13 6 2010 27 14 
R Can. Maj. 7 149 —16 12 58— 64 1 033 235 99 6S$§ BO 
RY Gemin. 21.7 +15 52 89—<10 9 07.2 916 1823 28 7 
Y Camelop. 27.6 +7617 9.5—12 3 07.3 418 11 8 1723 2414 
TX Gemin. 30.3 +17 08 10.00—11.9 2 19.2 815 17 0 25 10 
RR Puppis 43.5 —41 08 9.4—10.7 6 103 4 4 1014 17 1 2311 
V Puppis 7 55.4—48 58 41—48 1109 116 822 165 2311 
X Carinae 8 29.1 —58 53 79— 87 0 13.0 SS ba AS 
S Cancri 8 38.2 +19 24 82—10 9 11.6 819 18 7 27 18 
RX Hydre 9 008 —7 52 91—10.5 2 68 716 1412 21 8 B S5 
S Velorum 29.4 —44 78— 9.3 5 22.4 121 719 1916 25 14 
Y Leonis 9 31.1 +26 41 93—112 1 165 77 M1 aR Zi 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.5 310 1020 18 6 28 16 
SS Carine 10 54.2 —61 23 12.2—128 3 07.2 in £5 anew Bt 
ST Urs. Maj. 11 22.4 +45 44 67— 7.2 8 192 420 1315 22 10 
RW Urs. Maj. 35.4 +52 34 10.3—11.4 7 07.9 3 8 11 2 1810 25 18 
Z Draconis 11 39.8 +72 49 99—13.6 1 08.6 413 11 8 18 3 2421 
RZ Centauri 12 55.6 —64 05 8.5— 89 1 21.0 116 9 4 1616 24 4 
RSCan.Ven. 13 06.3 +36 28 7.5—12.5 4 19.1 s3 G39 Ba 
SS Centauri 07.2 —63 37 88—10.4 2 11.5 712 1422 22 9 
133926 Hydre 13 39.0 —26 23 86—12.7 2 21:5 332 9B ASB ws 
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Minima of Variable Stars ot Short Period—Continued. 


Star 


6 Libre 

U Corone 
TW Draconis 
SS Librae 
SW Ophiuchi 
SX Ophiuchi 
R Are 

TT Herculis 
TU Herculis 
U Ophiuchi 

u Herculis 
TX Herculis 
RV Ophiuchi 
SZ Herculis 
TX Scorpii 
UX Herculis 
Z Herculis 
WX Sagittarii 
WY Sagittarii 
SX Draconis 
RS Sagittarii 
V Serpentis 
RZ Scuti 

RZ Draconis 
RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

B Lyre 

U Scuti 

RX Draconis 
RV Lyre 
RS Vulpec. 
U Sagittz 

Z Vulpec. 
TT Lyre 

UZ Draconis 
SY Cygni 
WW Cygni 
SW Cygni 
VW Cyegni 
RW Capric. 
UW Cygni 

V Vulpec. 

W Delphini 
RR Delphini 
Y Cygni 

WZ Cygni 
RR Vulpec. 
VVCygni 
AE Cygni 
RY Aquarii 
RT Lacertze 
UZ Cygni 
RW Lacertz 
8.1914 Pegasi 
TT Androm. 
Y Piscium 
TW Androm. 


R.A. Decl. 
1900 1900 
h ° ’ 
14 55.6 — 8 07 
15 14.1 +32 01 
15 32.4 +64 14 
15 43.4-—15 14 
16 11.1 — 6 44 
12.6 — 6 25 
31.1 —56 48 
16 49.9 +17 00 
17 09.8 +30 50 
115+ 119 
13.6 +33 12 
15.4 +42 00 
29.8 + 7 19 
36.0 +33 01 
48.6 —34 13 
49.7 +16 57 
53.6 +15 09 
53.6 —17 24 

17 549 —23 1 
18 03.0 +58 23 
11.0 —34 08 
11.1 —15 34 
21.1 — 9 15 
21.8 +58 50 
26.0 +12 32 
39.7 —30 36 
40.8 +62 34 
43.7 —10 21 
46.4 +33 15 
48.9 —12 44 
01.1 +58 35 
12.5 +32 15 
13.4 +22 16 
14.4 +19 26 
17.5 +25 23 
24.3 +41 30 
26.1 +68 44 
19 42.7 +32 28 
20 00.6 +41 18 
03.8 +46 01 
11.4 +34 12 
12.2 —17 59 
19.6 +42 55 
32.3 +26 15 
33.1 +17 56 
38.9 +13 35 
48.1 +34 17 
49.3 +38 27 

20 50.5 +27 32 
21 02.3 +45 23 
09.0 +30 20 
148 —11 14 

21 57.4 +43 24 
55.2 +43 52 
22 40.6 +49 08 
51.7 +32 41 

23 08.7 +45 36 
23 7 22 


18 
19 


Magni- Approx. 
tude Period 
dh 

48— 6.2 2 07.9 
76— 87 3 109 
7.3— 8.9 2 19.3 
9.3—11.5 0 184 
9.2—10.0 2 10.7 
10.5—11.2 2 01.5 
6.8— 7.9 4 10.2 
8.9— 9.3 20 18.1 
95—12 2 06.4 
6.0— 6.7 0 20.1 
46— 5.4 2 01.2 
8.3— 9.0 1 00.7 
9.—12 3 16.5 
95—103 0 19.6 
7.5— 8.2 0 226 
8.8—10.5 1 13.2 
71— 79 3 238 
9.2—10.8 2 03.1 
9.5—10.6 4 16.0 
9.3—10.5 5 041 
59— 63 2 10.0 
95—11.1 3 109 
7.4— 8.3 15 03.2 
95—10.2 0 13.2 
7.0— 7.6 0 21.3 
8.7— 98 2018 
93—13 2 199 
9.3—10.3 0 15.9 
3.4— 4.1 12 218 
91— 96 0 22.9 
93—10.2 1 21.4 
11. —12.8 3 14.4 
6.9— 8.0 4 11.4 
6.5— 9.0 3 09.1 
7.3— 8.5 2 109 
9.4—11.6 5 058 
90— 98 1 15.1 
10 —12 600.2 
93—13.4 3 07.6 
9. —11.7 4138 
98—11.8 8 103 
8.8—10.6 3 09.4 
10.5—13 3108 
8.2— 9.8 37 19.0 
9.4—12.1 4 19.4 
10.5—11.8 4 144 
71— 7.9 1 120 
99—10.8 0 140 
9.6—11.0 5 01.2 
12.1—13.8 1 11.4 
10.8—11.4 0 23.3 
8.8—10.4 1 23.2 
9.1—10.5 5 01.7 
8.9—11.6 31 07.3 
10.2—11.2 5 04.4 
10.0—10.6 5 06.4 
11.3—12.6 2 18.4 
9.0—12.0 3 183 
8.6—11.5 4 02.9 


Greenwich mean times of 
minima in 1921 


—wwu WND & Nun & 


CWNHNANNNUWUDON LhLAUNANHWHE WND WwW Ww 


— NI N — Se Ub 


MAIDAN hw 


February 
h 


12 
13 

7 
11 
14 
15 
12 

9 
12 
12 

9 

7 

8 
11 
10 
14 
15 
12 


14 
3 
23 
4 
1 
9 


20 


7 
4 
8 


dh 
19 14 


dh 
26 13 
26 22 
24 19 
26 11 
28 17 


25 18 


27 23 
26 3 
22 18 
28 7 
25 15 


Ze 2 
a 1 


25 21 


bho bdo be 
Nun bo 
— co th 














Variable Stars 51 





Maxima of Variable Stars of Short Period. 


[Calculated by members of the class in General Astronomy at Carleton College.] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
dard time subtract 5"; Central Standard time 6", etc. 


Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1921 
February 
h m ni ’ dh dh dh dh dh 
SX Cassiop. 0 05.5 +54 20 86— 9.2 36 13.7 18 4 
SY Cassiop 0 09.8 +57 52 93—99 4 17 14 87 TR aw 
RR Ceti 1 270 +050 83— 90 0 13.3 516 1310 20 3 2821 
RW Cassiop. 1 30.7 +57 15 8.9—11.0 14 19.2 9 22 24 17 
V Arietis 2 09.6 +11 46 83—90 0238 6 8 14 6 22 5 
SU Cassiop. 2 43.0 +68 28 65—7.0 1228 4 0 1119 1915 27 9 
TU Persei 3 01.8 +52 49 114-122 0146 313 920 17 3 2410 
RWCamelop. 3 46.2 +58 21 8.2— 9.4 16 00.0 16 
SX Persei 4 10.2 +41 27 10.4—11.2 4070 614 15 4 23 18 
SV Persei 42.8 +42 07 88— 9.6 11 03.1 614 1718 28 21 
RX Aurigze 4 545 +39 49 7.2— 8.1 11 15.0 12 13 24 
SX Aurige 5 046 +42 02 80—87 1128 223 1016 18 7 25 23 
SY Aurige 05.5 +42 41 8.4— 9.5 10 03.3 10 14 1917 28 20 
Y Aurigae 21.5 +42 21 86—96 3 20.6 116 910 17 3 2421 
RZ Gemin. 5 56.6 +22 15 9.1—10.0 5 12.7 419 10 8 21 9 222 
RS Orionis 6 16.5 +14 44 82—89 7 13.6 218 10 8 1721 2511 
T Monoc. 19.8 + 7 08 5.7— 68 27 003 13 13 
RT Aurige 23.0 +30 33 5.1— 60 3 17.5 77 £2 2s OE 
RZ Camelop. 23.7 +67 06 11.0—13.0 0 11.5 317 wm ws s&s 
W Gemin. 29.2 +15 24 67—7.5 7220 423 1221 2020 2818 
¢ Gemin. 6 58.2 +20 43 3.7— 4.3 10 03.7 216 1219 22 23 
RU Camelop. 7 10.9 +69 51 8&5— 9.8 22 06.5 3 
RR Gemin. 7 15.2 +31 04 10.0—11.5 0 09.5 13 baa Aaa Be 
V Carine 8 26.7 —59 47 74— 8.1 6 16.7 5 4 1120 1813 25 6 
T Velorum 8 34.4 —47 01 76—85 4153 220 12 3 2110 
V Velorum 9 19.2 —55 32 7.5— 82 4 089 2 4 1022 1916 28 9 
Z Leonis 9 46.4 +27 22 7.9— 9.6 59 00.0 1 
RR Leonis 10 02.1 +24 29 91—10.1 0 10.9 25 9 0 2213 2 8 
SU Draconis 11 32.2 +67 53 89—96 0158 711 14 1 2016 27 6 
S Muscze 12 07.4 —69 36 64—73 9 158 419 1411 24 3 
SW Draconis 128 +70 04 88—96 0137 7 5 15 4 23 3 
T Crucis 15.9 —61 44 68—7.6 6 17.6 a. = Sz: 35.7: 22 
R Crucis 18.1 —61 04 68—79 5 198 10 620 1812 24 8 
S Crucis 12 48.4 —57 53 65—76 4166 2 1 617 16 2 2511 
W Virginis 13 20.9 — 2 52 8.7—10.4 17 06.5 411 21 18 
SS Hydre 25.0 —23 08 74—81 8 048 4 5 1210 2014 
RV Urs. Maj. 13 29.4 +54 31 92—99 0 112 § 2? 1222 102% 2 23 
ST Virginis 14 22.5 — 0 27 10.3—11.4 0 09.9 43 12 9 2014 
V Centauri 25.4 —56 27 64—78 5 119 ia 2 t #26 Re 
RS Bootis 29.3 +32 11 89—100 0091 4 6 1119 19 8 2621 
RU Bootis 14 41.5 +23 44 128—143 0 11.9 72 18 9 2247 
R Triang. Austr. 15 10.8 —66 08 6.7— 7.4 3 09.3 13 72 2 = ss 
S Triang. Austr. 15 52.2 —63 29 64—7.4 6 078 323 10 6 1614 22 22 
S Norme 16 10.6 —57 39 66—7.6 9 18.1 341222 2% 
RW Draconis 33.7 +58 03 9.6—10.8 0 10.6 113 6 39 © 662 3 
RV Scorpii 16 51.8 —33 27 6.7—74 601.5 41102222 22 
X Sagittarii 17 41.3 —27 48 44— 5.0 7 003 422 1123 1823 25 23 
Y Ophiuchi 47.3 — 607 61— 6.5 17 02.9 12 5 
W Sagittarii 17 58.6 —29 35 43— 5.1 7 143 $2 US BY M7 
Y Sagittarii 18 15.5 —18 54 54—62 5 186 [i nhé me. aw 
U Sagittarii 26.0 —19 12 65—7.3 6179 4 5 1023 1717 2411 
Y Scuti 32.6 — 8 27 8.7— 9.2 10 08.3 lint as 
Y Lyre 34.2 +43 52 11.3—12.3 0 12.1 614 1215 1815 24 16 
RZ Lyre 18 39.9 +32 42 99—112 0 123 [SB UK VS BZ 
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Maxima of Variable Stars ot Short Period—Continued. 





Star R.A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1921 


February 
h m ° , a da 


RT Scuti 18 44.1 —10 30 
« Pavonis 18 46.6 —67 22 
U Aquilz 19 24.0 — 7 15 
XZ Cygni 30.4 +56 10 
U Vulpec. 32.2 +20 07 
SU Cygni 40.8 +29 01 
n Aquilz 47.4 + 0 45 
S Sagitte 51.5 +16 22 
X Vulpec. 19 53.3 +26 17 
X Cygni 20 39.5 +35 14 
T Vulpec. 47.2 +27 52 
WY Cygni 52.3 +30 03 
RV Capri-. 55.9 —15 37 
TX Cygni 20 56.4 +42 12 
VY Cygni 21 00.4 +39 34 
SW Aquarii 10.2 — 0 20 
VZ Cygni 21 47.7 +42 40 
Y Lacerte 22 05.2 +50 33 
8 Cephei 25.5 +57 54 
Z Lacerte 36.9 +56 18 
RR Lacertz 37.5 +55 55 
V Lacertae 44.5 +55 48 
X Lacertze 22 45.0 +55 54 
SW Cassiop. 23 03.7 +58 11 
RS Cassiop. 32.6 +61 52 
RY Cassiop. 47.2 +58 11 
V Cephei 23 51.7 +82 38 
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COMET NOTES. 


Comet Discovered by Skjellerup.—Except for a few observations of 
the periodic comets, Holmes and Tempel, the first comet to be seen in 1920 
was the one discovered by Skjellerup on December 13, at Cape Town, South 
Africa. Its position at the time of discovery, December 13.5399 G. M. T., is given 
as R. A. 8"55™ 16°.1, Dec. —9° 1’ 48”, and it was moving northeast. The comet 
was described as being visible in a large telescope, which means that it is rather 
faint. On December 18 it was estimated by Van Biesbroeck as of the tenth magni- 
tude. The following positions have been announced through the Harvard College 
Observatory : 

G. M. T. R.A. Dec.’ OBSERVER PLACE 


Dec. 16.8875 10 —4 30 Barnard Yerkes Observatory 
17.8471 596  —310 7 Van Biesbroeck Yerkes Observatory 
18.9136 9 22 13.0 —1 37 49 Barnard Yerkes Observatory 
19.7961 9 26 26.8 —0 22 16 Van Biesbroeck Yerkes Observatory 

The elements of the orbit and an ephemeris for a few days have been com- 
puted by Messrs. Einarsson and Meyer at the Students’ Observatory, Berkeley, 

Cal., from observations on Dec. 17, 18, and 19; they are announced in Harvard 

College Bulletin 737 as follows: 
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ELEMENTS 
Time of perihelion passage (T) = 1920, December 6.84 G. M. T. 
Perihelion minus node (w) 334° 24’ 
Longitude of node (2) 107° 42’ 
Inclination (i) 17° 13’ 
Perihelion distance (q) 1.110 


nin wl 


EPHEMERIS 


G. M. T. R. A. 


Dec. ’ LIGHT 
1920, December 24 9 46 54 +6 9 0.87 
. 28 10 01 42 +11 15 
1921, January 1 10 14 07 +15 53 
- 5 10 24 13 +20 0 0.54 


The elements are described as somewhat uncertain. 





NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 
Observers, October 20 to November 20, 1920. 


It is with deep regret and profound sympathy for their bereaved families 
that we announce the deaths recently of three active members of the Association. 
Mr. E. Otto Berger, whose home was in Berne, Switzerland, has passed away 
leaving a bride of only a few months. His interest in our work was very great, 
and had he lived he would undoubtedly have rendered services of great value 
to our cause. Although distant in space from many of us, he was close in spirit, 
and his passing will leave a gap in our ranks overseas. 

The other two were Charter Members of the Association, the close personal 
friends of many of us, and with splendid records of service and disinterested 
devotion to their loved science indelibly written in the reports of our work. Dr. 
Edward Gray, of Berkeley, California, passed away scarcely a week after he 
had forwarded his last observations included herewith under his initial, “G”; 
and this is a fitting tribute to him, for Dr. Gray was the first member whose 
name appears in the first report in Poputar Astronomy, November, 1911. 
From the beginning he was a loyal friend of the Association, and an active ob- 
server up to the time of his death, ever giving of his best to promote the inter- 
ests of our organization. In his death the Association has suffered an irreparable 
loss and science an ardent devotee. 

The last was our Treasurer and friend, and there are few members of the 
Association who do not feel a keen sense of personal bereavement in the death 
of Mr. Allan B. Burbeck, of North Abington, Massachusetts. He was one of the 
little group of seven who gathered at the first informal meeting in New York of 
what later became the Association, and it is in no small measure due to the 
devotion and efforts of Mr. Burbeck that our work has been placed on its present 
firm foundation. At the recent meeting his long and faithful service as Treasurer 
was recognized by his unanimous re-election to that office. Our President, Mr. 
Campbell, Mr. Crane and Mr. Jordan represented the Association at his funeral. 
He had attended nearly every meeting of the Association wherever held, and 
his cheerfulness and willing co-operation were a constant inspiration. The 
place he leaves in our midst will be difficult to fill. 

To each of these splendid men we say the final “Vale.” 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920. 


October 0 = J. D. 2422598 


Number Name 
001032 S Sculptoris 
001046 X Androm. 
001726 T Androm. 
001755 T Cassiop. 
001838 R Androm. 


oo1909 S Ceti 
003179 Y Cephei 
004047 U Cassiop. 


004132 RW Androm. 


004435 V Androm. 


004533 RR Androm. 
004746 RV Cassiop. 
004958 W Cassiop. 


o10102 Z Ceti 
010940 U Androm. 
011041 UZ Androm. 
011208 S Piscium 
011272 S Cassiop. 


011712 U Piscium 
012350 RZ Persei 
012502 R Piscium 


013238 RU Androm. 
013338 Y Androm. 
014958 X Cassiop. 
015354 U Persei 


015912 S Arietis 
021024 R Arietis 


021143a W Androm. 


021258 T Persei 
021281 Z Cephei 
021403 o Ceti 


021558 S Persei 


22000 R Ceti 


J.D. 
2621.7 8.0 Ba, 
2614.6 12.8 B, 
2634.5 13.0 Ba. 
2620.6 8.1 Ba, 


2611.3 11.6 Pe, 
2632.5 9.5 B, 
2643.5 9.4 Ro, 


2590.4 11.5 Ch, 
2634.6 13.0 Ba, 
2611.3 12.2 Pe, 
2620.6 12.6 Ba, 


2620.6 11.6 Ba, 
2643.5 980, 
2614.6 13.7 B, 
2634.6 13.5 Ba. 
2613.3 8.8 Gi, 
2628.6 9.4 Gd, 
2642.5 9.3 M, 
2614.6 9.1 B, 
2621.7 12.2 Ba, 
2632.6 13.8 B, 
2614.6 13.6 B, 
2618.8 12.4 Pt, 
2640.5 12.0 K. 
2620.6 10.5 Ba, 
2632.6 13.9 B, 
2613.3 11.2 Pe, 
2637.6 12.0 Y, 
2572.1 z1r.0'Ch, 
2572.1 10.3 Ch, 
2585.1 
2616.7 9.9B, 
2642.7 10.5 M, 
2621.7 13.6 Ba. 
2585.1 9.6 Ym 
2618.5 8.5 Jd, 
2629.5 9.4 Hn, 
2642.7 8.7 M, 
2603.5 8.7 Gi, 
2624.5 9.4 Gi, 
2643.6 9.9 Hu. 
2621.7 11.1 Ba, 
25702 52Ch, 
2610.3 7.4 Pe, 
2630.6 7.50, 
2640.5 8.0 Cl, 
2642.7 8.4Sz, 
2619.6 10.5 B, 
2643.6 10.0 Hu. 
2613.4 11.2 Pe, 


12.0 Ym, 


November 0 = 2422629 


Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 


2642.5 7.5 Pt, 2652.6 7.5 Ba. 
2620.6 12.5 Ba, 2635.6 11.5 B. 


2624.5 8.8Gi, 2642.7 84M, 2646.7 8.4 Pi. 
2619.5 rr.oK, 2619.5 rr.0 Cl, 2620.6 11.3 Ba, 
2637.5 9.8 Ro, 2641.5 9.6 Ro, 2641.5 9.2 Pt, 
2643.6 8.5 Hu, 2646.5 9.2 Ro, 2647.7 9.2 Pi. 
2621.7 12.1 Ba, 2641.6 9.4 Pw. 

2637.6 12.8 B. 

2634.6 13.3 Ba. 

2632.5 13.5 B. 

2629.5 10.90, 2632.6 10.5B, 2641.6 9.8V, 
2643.6 9.9 Hu, 2647.7: 10.0 Pi. 

2634.6 13.5 Ba, 2635.6 13.5 B. 


2616.7 9.1B, 2620.5 9.4K, 2620.6 9.0 Ba, 
2639.5 9.6 Pt, 2642.5 9.0Gd, 2642.5 9.2K, 
2642.6 8.8 Ba, 2643.6 9.0 Hu, 2647.7 9.5 Pi. 


2620.6 9.0 Ba, 2637.6 12.0B, 2641.5 11.0 Pt. 
2632.6 12.9 B. 
2634.6 14.0 Ba. 
2633.6 14.0B, 2634.6 14.0 Ba, 2637.6 13.0 Y. 
2621.7 12.3 Ba, 2631.5 12.1B, 2640.5 12.0Cl, 


2632.6 11.5 Pt, 2642.7 11.5 M. 


2634.6 14.0 Ba. 


2618.8 11.7 Pt, 2620.6 11.0 Ba, 2633.6 11.4 Sz, 
2639.7 11.5 Sz. 


2632.6 11.0B, 2634.6 11.0 Ba, 2641.5 10.9 Pt. 
2632.6 13.7 B, 2634.6 13.5 Ba. 
2620.6 11.9 Ba, 2641.8 12.4M, 2642.5 12.1 Pt. 
2618.8 10.2 Pt, 2620.6 10.0 Ba, 2632.6 11,3 Hl, 
2643.6 10.8 Hu. 
2633.6 14.0 B. 
. 2604.3 8.5 Pe, 2610.5 8.8 Gi, 2611.3 7.0 Pe, 
2618.5 8.5 Ao, 2619.6 88B, 2620.6 8.3 Ba, 
2630.6 8.90, 2632.6 8.8 Pt, 2637.6 8.90, 
2643.5 890, 2643.6 9.8 WI. 
2619.6 9.4B, 2620.5 9.40, 2621.7 9.6 Ba, 
2642.7 10.6 M. 
2637.6 11.7B, 2641.6 77.5 V. 
2587.2 6.3Ch, 2602.4 6.9 Pe, 2604.4 69 Pe, 
2612.4 7.4 Pe, 2620.6 7.0 Ba, 2629.7 8.5 Mu, 
2633.6 7.7 Pt, 2634.7 8.5 Sz, 2639.7 8.3 Sz, 
2640.6 830, 2641.7 8.2Sz, 2642.6 7.9 Ba, 
2643.6 8.1 Hu, 2643.6 8.1 W1, 2646.6 8.8 Bh. 
2620.6 10.6 Ba, 2642.6 10.5 Ba, 2642.7 10.8 M, 


2621.7 12.0 Ba. 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name 
022150 RR Persei 
22813 U Ceti 


022980 RR Cephei 
, 023133 R Trianguli 


024356 W Persei 


025938 p Persei 
030140 B Persei 


030514 U Arietis 
031401 X Ceti 


032043 Y Persei 


032335 
032443 
033362 
035915 
041619 
042209 


R Persei 
Nova Persei 2 
U Camelop. 
V Eridani 

T Tauri 

R Tauri 


042215 W Tauri 
042309 S Tauri 
043065 T Camelop. 
043208 RX Tauri 
043274 X Camelop. 


044617 
045307 
045514 


V Tauri 
R Orionis 
R Leporis 


050003 
050022 
050953 
052034 
052036 


V Orionis 
T Leporis 
R Gemin. 
S Aurigae 
W Aurigae 


S Orionis 
053005 T Orionis 
053068 S Camelop. 
053326 RR Tauri 
053531 U Aurigae 


052404 


j.D. 
2630.6 


2590.4 
2642.6 
2621.7 
2604.3 
2622.7 


2611.3 
2620.6 
2633.6 
2643.5 


2616.5 
2632.5 
2642.5 


2616.5 
2632.5 
2642.5 
2614.6 
2614.6 
2637.7 


2585.1 
2619.6 
2637.5 


2585.1 
2612.4 13.2 Pe, 
2620.6 7.2 Ba 
2621.7 8.5 Ba, 
2620.6 9.7 Ba, 


2619.6 8&8 B, 
2634.6 88 Ba 


2613.4 10.8 Pe, 
2639.7 9.4Sz, 


2619.6 13.2 B, 
2620.6 12.1 Ba. 
2620.6 12.0 Ba, 


2618.5 10.2 O, 
2628.6 8.90, 
2641.6 83 Y, 


2621.7 12.7 Ba, 
2621.7 11.2 Ba, 


2588.4 9.3 Ch, 
2641.8 8.0M. 


2621.7 12.7 Ba. 
2618.8 11.6 Pt. 
2621.6 11.4 Pi, 
2620.6 9.0 Ba, 


2610.5 9.4 Gi, 
2642.6 9.3 Ba. 


2621.7 12.2 Ba, 
2621.7 11.6 Ba, 
2620.7. 8.8 Ba, 
2619.7 11.5 B. 


13.5 Y, 
Tr.0 Ch, 
7.8 Pt. 
73.0 Ba. 
8.8 Pe, 
8.2 Bs, 
9.7 Pe, 
9.1 Ba, 
9.4 Pt, 
9.1 Cl, 
3.5 Ne, 
3.6 Ne, 
3.8 Ne, 
2.4 Ne, 
2.4 Ne, 
2.4 Ne, 
14.3 B, 
10.3 B, 
11.1 B. 


10.2 Cl, 


2621.7 13.0 Ba, 


2634.6 14.0 Ba. 


2620.6 8.4 Ba, 


2618.8 
2628.6 
2614.6 
2621.6 
2637.5 
2643.5 
2620.5 
2633.5 
2643.5 
2620.5 
2633.5 
2643.6 
2617.6 13.1 Y, 


9.3 F 
9.7 
9.3 B. 
98 

9.3 

9.2 K, 
3.4 Ne, 
3.8 Ne. 
3.7 Ne, 


2.4 Ne, 
2.4 Ne, 
2.4 Ne, 


2630.6 8.0 Y, 


2619.6 9.0B, 


2619.6 9.4B, 


Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 


2641.6 10.2 Pw, 


2620.6 9.3 Ba, 


Ga. 2642.5 10.50, 2642.6 10.4 Ba. 
2620.5 9.70, 
Pi, 2628.5 9.2 Gd, 2629.6 9.6 Mu, 
Cl, 2642.5 9.7 Gd, 2642.6 


91Ba 


2643.5 980, 2643.6 92 Hw. 


2621.5 3.5 Ne, 
2634.5 3.7 _ 
2647.5 3.8 N 

2621.6 2.4 Ne, 
2634.5 2.4 Ne, 
2647.6 2.4 Ne. 
2621.7 13.0 Ba, 


2629.5 3.5 Ne, 
2637.5 3.7 Ne, 


2629.5 2.4 Ne, 
2637.5 2.4 Ne, 


2630.6 13.5 Y. 


2618.8 10.4 Pt, 2620.6 9.7 Ba, 2629.7 10.4 Mu, 


2643.6 9.8 Hu. 


2632.6 12.5 Pt. 
2642.6 


2624.9 10.0 M1, 
2620.6 8.7 Ba, 


, 2641.8 9.0M, 


2618.8 11.6 Pt, 
2641.6 11.4 V, 


2634.5 13.0 Ba. 


2621.7 12.1 B. 


2618.8 9.9 Pt, 
2632.7 8.6 B, 
2642.5 8.20, 


2631.7 13.5 B. 
2632.7 11.6 B. 
2620.8 9.4 Pt, 


2621.7 11.4 Ba. 
2621.7 12.5 Ba, 
2637.6 9.0 B, 

2620.7 8.5 Ba, 


2632.7 12.4B. 
2637.7 11.2 B, 
2633.7 10.2 Pt. 


2630.6 13.0 Y, 


8.5 Ba. 


2641.8 9.8 M. 
2624.9 88 Ml, 


2643.6 8.2 Hu. 


2620.6 12.0 Ba, 
2642.6 12.2 Ba. 


2620.5 
2634.6 
2642.6 


2621.7 


2632.7 12.8 B. 
2642.6 9.0 Ba. 
2633.7 9.2 Pt, 


2642.6 11.3 Gd. 


2634.6 13.1 B. 


10.0 Ym, 2612.4 10.3 Pe, 2619.5 10.1 Cl, 2619.5 10.0 K, 
9.7 B, 2620.6 9.7 Ba, 2629.6 10.3 Mu, 2632.6 10.4 Pt, 


13.0 Ym, 2602.5 13.6 Gi, 2621.7 11.3 Ba, 2633.6 9.5 Pt. 


2633.6 9.0 Pt, 


2630.7 12.1 B, 


2620.6 9.4 Ba, 


, 2637.6 8.70, 


2641.7 9.7 Sz, 


2637.7 9.0B, 
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Number Name 
054319 SU Tauri 
































054615a Z Tauri 

054615b RS Tauri 
054615c RU Tauri 
054920 U Orionis 























054974 V Camelop. 




















055353 Z Aurigae 
060450 X Aurigae 














060547 SS Aurigae 






































061647 V Aurigae 
061702 V Monoc. 
063159 U Lyncis 
063308 R Monoc. 
063558 S Lyncis 
064030 X Gemin. 
064707 W Monoc. 
065111 Y Monoc. 
065208 X Monoc. 
063555 R Lyncis 
070109 V Can. Min. 
070122a R Gemin. 
070122b Z Gemin. 
























































070310 R Can. Min. 
071044 L: Puppis 
071713 VGemin. 
072708 S Can. Min. 


























072811 T Can. Min. 
072820b Z Puppis 
073508 U Can. Min. 
073723 S Gemin. 
074323 T Gemin. 
074922 U Gemin. 



































VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 





070122c TW Gemin. 





J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
2588.4 10.0 Ch, 2618.8 9.5 Pt, 2619.8 9.6 Pt, 2620.7 9.4 Ba, 
2620.8 9.5 Pt, 2621.7 9.5B, 2621.7 9.5 Ba, 2632.7 9.5 Pt, 
2634.6 9.5 Ba, 2634.7 9.5B, 2641.6 9.2Y, 2641.8 9.5 Pt, 
2642.6 9.6 Ba, 2642.7 9.4 Pt, 2643.6 9.6 Ba, 2645.8 9.5 Pt. 
2641.6 10.6 Y. 
2641.6 9.2 Y. 
2641.6 12.7 Y. 


2588.4 7.9Ch, 2618.8 8.5 Pt, 2621.7 8.5 Ba, 2621.7 8.4B, 
2643.6 89 Hu. 


2571.1 12.6 Ym, 2602.5 13.9 Gi, 2614.7 13.6 B, 2620.6 13.0 Ba, 


2626.5 13.2Gi, 2634.6 13.7B, 2634.6 13.0 Ba, 2641.6 13.0 Y, 
2642.5 13.0 Ba. : 


2621.7 10.2 Ba, 2634.7 10.2B, 2642.6 10.7 Ba. 
2621.7 8.1 Ba, 2629.5 10.0 Hn, 2633.7 83 Pt, 2637.7 8.2 B, 
2642.6 8.0 Ba, 2647.7 8.7 Pi. 


2585.1 14.0 Ym, 2590.4 11.6 Ch, 2602.6 13.8 Gi, 2603.5 13.8 Gi, 
2610.5 10.9 Gi, 2611.5 11.1 Gi, 2614.7 12.1B, 2615.6 12.4 Ba, 
2616.7 13.1B, 2617.6 11.4Y, 2618.8 13.0 Pt, 2619.8 73.0 Pt, 
2620.6 12.6Y, 2620.6 17.4 Pi, 2620.8 12.6 Pt, 2621.8 12.8 Ba, 
2626.5 13.3 Gi, 2630.6 13.3 Y, 2632.6 12.6 Pt, 2633.7 12.6 Pt, 
2634.6 13.0 Ba, 2634.6 13.5B, 2634.7 13.0 Pt, 2640.5 12.4 Cl, 
2640.5 1r2.4K, 2640.6 10.80, 2641.6 12.6 Pt, 2641.6 13.3 Y, 
2642.5 13.0 Ba, 2642.6 128Cl, 2642.6 13.0 Pt, 2643.5 12.4 K, 
2643.5 13.0 Ba, 2643.5 12.4 Cl, 2644.6 12.4 Pt, 2645.6 12.4 Pt, 
2647.7 12.4 Pi. 


2621.8 8.9 Ba. 

2621.8 11.3 Ba. 

2621.8 13.0 Ba, 2641.6 13.6 Y 
2621.8 12.0 Ba. 

2621.8 12.2 Ba, 2632.7 11.2 B, 
2621.8 10.2 Ba. 

2645.8 10.8 Pt. 

2621.8 11.6 Ba, 2645.8 9.8 Pt. 
2621.8 8.1 Ba. 

2621.8 12.4 Ba, 2626.5 12.6 Gi. 
2621.8 9.4 Ba. 

2590.4 7.8Ch, 2619.8 7.0 Pt, 
2621.8 12.3 Ba, 2645.9 12.7 Pt. 
2621.8 8.4Ba. 

2621.8 9.7 Ba. 

2592.5 4.8 Ch. 

2619.8 10.7 Pt, 2621.8 10.2 Ba. 


2588.4 8.6 Ch, 2618.8 9.6 Pt, 
2641.7 9.8 Sz. 


2621.8 13.0 Ba. 
2621.8 12.4 Ba. 
2618.8 9.7 Pt, 2621.8 8.5 Ba, 
2621.8 13.0 Ba. 
2621.8 13.1 Ba. 
2590.4 rr.0Ch, 2610.6 12.4 Gi, 
2619.8 13.3 Pt, 2620.8 13.3 Pt, 


2632.7 12.4 Pt, 2633.7 13.3 Pt, 
2641.8 12.4 M, 


2633.7 10.4 Pt. 


2641.6 13.5 Y. 


2621.8 7.1 Ba, 2624.9 7.9 Ml. 


2621.8 9.9 Ba, 2638.8 10.6 M, 


2638.8 9.5 M. 


2611.5 12.7 Gi, 2618.8 12.4 Pt, 
2621.8 13.5 Ba, 2626.5 12.9 Gi, 
2634.7 12.4 Pt, 2641.8 13.3 Pt, 
2642.7 13.3 Pt, 2645.8 13.3 Pt. 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Npmber Name 
075612 U Puppis 
081112 R Cancri 
081617 V Cancri 
083019 U Cancri 
083350 X Urs. Maj. 
084803 S Hydrae 
085008 T Hydrae 
085120 T Cancri 
090425 W Cancri 
093014 X Hydrae 
093178 Y Draconis 


093934 R Leo. Min. 
094211 R Leonis 


095421 V Leonis 
103769 R Urs. Maj. 


104814 W Leonis 

120012 SU Virginis 
122532 T Can. Ven. 
123160 T Urs. Maj. 


123307 R Virginis 


123459 RS Urs. Maj. 


123961 S Urs. Maj. 


124606 U Virginis 
133273 T Urs. Min. 
134440 R Can. Ven. 
141567 U Urs. Min. 


141954 S Bootis 


142539 V Bootis 
142584 R Camelop. 


143227 R Bootis 
144918 U Bootis 
151731 S Cor. Bor. 
153378 S Urs. Min. 


154428 R Cor. Bor. 


J.D. Est. Obs. J.D. Est. Obs 
2621.8 11.0 Ba. 

2590.4 11.3 Ch, 2621.9 11.0 Ba, 
2618.8 10.3 Pt, 2621.9 10.5 Ba. 

2621.9 10.0 Ba. 
2621.9 12.9 Ba. 
2590.4. 9.4 Ch, 
2592.4 7.8 Ch, 
2621.9 8.0 Ba, 
2621.9 7.7 Ba. 
2621.9 12.2 Ba, 


2617.6 10.0 Y, 
2643.5 8.7 Ba. 
2641.9 11.8 M, 
2592.4 10.0 Ch, 
2642.9 9.0 Pi. 
2621.9 12.4 Ba. 


2592.5 10.5 Ch, 
2634.6 8&5 Ba, 
2643.5 8.0 Ba. 


2621.9 12.2 Ba, 
2641.9 12.4 Pt. 
2641.9 11.1 Pt, 


2592.1 8.8 Ch, 
2641.8 12.4 Pt, 


2641.9 7.3 Pt. 


2572.1 rr.o Ch, 
2643.5 10.3 Ba. 


2572.1 11.0 Ch, 
2629.7 8.9 Mu, 
2643.5 8.0 Ba. 
2641.9 85 Pt. 
2621.5 10.0 Ba, 
2628.5 11.3 Ba, 
2621.5 11.1 Ba. 
2643.5 11.6 Ba. 
2570.0 12.5 Ym, 
2641.9 10.6 Pt, 
2621.5 7.3 Ba, 
2618.5 9.30, 
2643.5 8.4Ba. 
2602.3 7.1 Pe, 
2580.0 10.5 Ym, 
2587.1 10.8 Ch, 
2580.8 8.6 Yin, 
2621.5 8.0 Ba, 
2626.5 8.4 Ro, 
2633.5 8&2V, 


2621.9 8.0 Ba, 
2619.8 8.2 Pt, 
2641.8 8.0 Pt. 


2645.8 11.4 Pt. 
2621.5 9.2 Ba, 


2642.9 12.0 Pi. 
2618.8 9.5 Pt, 


2619.8 10.8 Pt, 
2638.9 8.6 M, 


2622.9 12.7 Y, 


2641.9 11.0 M, 


2602.2 10.0 Pe, 
2641.9 11.6 M, 


2641.5 10.7 Pt, 


2602.2 10.0 Pe, 
2639.9 83M, 


2633.5 9.9 V, 
2641.9 12.0 M, 
2626.5 11.0 Ro, 


2604.3 12.7 Gi, 
2643.5 10.8 Ba. 
2641.5 7.8 Pt. 
2621.5 8.8 Ba, 


2619.8 8.8 Bs, 
2604.3 12.1 Gi. 
2624.5 12.3 Ba, 
2585.0 8.7 Ym, 
2622.5 8.2 Jd, 
2631.8 8.7 Ka, 
2634.5 8.5 Ro, 
2639.6 8.6 Pt, 2640.5 8.5 Ro, 
2642.5 8.6 Ro, 2643.5 8.4 Ba, 
2570.0 6.7 Ym, 2571.0 6.5 Yn 
2574.0 6.6 Ym, 2577.1 6.8 Ym, 
2582.1 


6.0 Ch, 2584.0 6.4 Ym, 


. J.D. Est. Obs. J.D. Est. Obs. 


2645.8 11.0 Pt. 


2641.8 7.4 Pt. 
2621.9 8.6 Ba. 


2641.6 87 Y, 2641.9 88M, 


2621.9 88 Ba, 2639.9 89M, 


2621.5 10.6 Ba, 
2642.5 8.1K, 


2631.8 8.6 Ka, 
2642.9 8.4 Pi, 


2645.8 13.6 Pt. 


2642.9 11.5 Pi. 
2618.5 9.6 Jd, 
2642.9 12.3 Pi. 


2621.5 11.5 Ba, 


2641.9 10.4M, 2642.9 10.3 Pi, 
2618.5 8.6 Jd, 2621. 


5 8.4Ba, 
2641.5 8.0 Pt, 2642.9 


8.4 
8.5 Pi, 


2643.5 9.8 Ba. 
2641.9 11.7 Pt. 
2633.5 11.2 Ro, 2639.6 10.9 Pt, 


2626.3 11.7 Gi, 2628.5 11.3 Ba, 


2626.5 8.8 Gi, 2637.6 8280, 


2621.5 7.8Ba, 2633.5 8.5 Pt. 


2633.5 11.8 Pt. 
2594.0 8.3 Ym, 
2622.5 8.1 Ao, 
2632.5 8.5 Ro, 
2636.5 8.4 Ro, 
2640.6 8.4 Bh, 
2646.5 8.7 Ro, 
n, 2571.7 5.8G, 2572.1 6.2 Ch, 
2579.06.5 Ym, 2580.06.5 Ym, 
2585.0 6.3 Ym, 2585.7 5.9G, 


2617.5 8.2 Jd, 
26237 8.2 Bs. 
2633.5 8.4 Ro, 
2637.5 8.4 Ro, 
2642.5 8.7 K, 
2646.6 9.6 Bh. 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name 
154428 R Cor. Bor. 


154536 X Cor. Bor. 
154615 R Serpentis 
154639 V Cor. Bor. 
155018 RR Librae 
155229 Z Cor. Bor. 
160118 R Herculis 
160210 U Serpentis 
160625 RU Herculis 
161138 W Cor. Bor. 
161607 W Ophiuchi 
162119 U Herculis 


162807 SS Herculis 
163137 W Herculis 


163172 R Urs. Min. 
163266 R Draconis 
164055 S Draconis 
164715 S Herculis 
165631 RV Herculis 


170215 R Ophiuchi 
170627 RT Herculis 
171401 Z Ophiuchi 


171723 RS Herculis 
172809 RU Ophiuchi 
175111 RT Ophiuchi 
175458a T Draconis 
175519 RY Herculis 


175654 V Draconis 
180531 T Herculis 


180565 W Draconis 
180666 X Draconis 


J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
2590.7 6.2Ka, 2602.2 6.1 Pe, 2603.3 6.4 Gi, 2607.7 6.1 Ka, 
2611.3 6.3 Gi, 2612.7 6.1 Ka, 2615.5 6.1 Ba, 2616.6 6.4 Mu, 
2616.7 6.0G, 1617.7 6.4Bs, 2618.5 6.2 Nc, 2618.5 6.2 Ms, 
2619.5 6.5Cl, 2619.5 64K, 2620.5 65K, 2620.5 6.3 Gd, 
2620.5 6.0 Ms, 2621.3 6.3 Gi, 2621.5 6.5K, 2621.5 6.0 Ms, 
2621.5 6.1Cl, 2621.5 6.0Ba, 2624.5 5.8 Ba, 26248 5.8 Bs, 
2627.5 6.1 Pt, 2627.6 6.3 Mu, 2628.5 5.8 Ba, 2628.5 6.0 Ya, 
2628.5 6.7 Gd, 2628.5 6.7 Ms, 2628.6 6.6 Mu, 2629.6 6.5 Mu, 
2630.5 6.7 Ms, 2630.6 6.5 Ka, 2631.6 6.4Mu, 2632.5 6.T Pt, 
2632.5 6.5 Ms, 2633.5 6.5 Ms, 2634.5 6.7 Ms, 2637.5 6.7 Ms, 
2637.5 6.7 Cl, 2640.5 - K, 2640.5 68Cl, 2641.5 6.1 Pt, 
6.4 K, 


2642.5 6.7 Ms, 2642.5 2642.5 6.0 Ba, 2643.5 6.0 Ba, 
2645.5 6.1 Pt. 


2628.5 12.8 Ba. 

2628.5 12.5 Ba. 

2621.5 70 Ba, 26325 7.6 Pt. 

2580.0 12.0 Ym. 

2628.5 13.2 Ba. 

2628.5 12.9 Ba. 

2571.1 8.5 Ym, 2579.0 8.6 Ym, 2628.5 9.9 Ba, 2633.5 10.4 Pt, 
2628.5 11.7 Ba, 2632.5 11.4 Pt. 

2628.5 12.5 Ba. 

2580.0 12.5 Ym. 

2582.1 rr.oCh, 2605.3 10.5 Gi, 26188 9.4Bs, 2621.5 9.9 Ba, 


2625.3 9.7 Gi, 2629.6 9.0 Hu, 2632.5 9.1 Pt, 2633.5 88V, 
2643.5 8.0 Ba. 


2642.5 11.5 Ba. 

2590.1 9.6 Ch, 2621.5 8.4Ba, 2622.7 9.6 Bs, 2632.5 8.7 Pt, 
2633.5 8.4V, 2642.5 88M, 2643.5 87 Ba. 

2621.5 9.2 Ba, 2642.5 9.5 Ba. 

2590.1 rr.0oCh, 2639.5 9.3 Pt, 2642.5 8.9 Ba. 

2621.5 8.1 Ba, 2642.5 8.7 Ba. 

2605.3 11.6 Gi, 2625.3 11.9 Gi, 2628.5 12.0Ba, 2733.5 11.3 B. 
2571.0 9.7 Ym, 2574.0 10.1 Ym, 2577.0 10.6 Ym 


2579.0 10.3 Ym, 2613.3 12.4 Pe, 2621.5 12.5 Ba, 2631.5 13.7 B, 
2632.5 13.6 Pt. 


2604.6 10.7 Bh. 
2628.5 12.5 Ba. 


2605.3 11.9 Gi, 2626.3 11.8 Gi, 2628.5 11.5 B, 2633.5 11.3 Pt, 
2642.5 11.0 Ba. 

2613.3 11.2 Pe, 2628.5 12.2 Ba, 2631.5 12.4B, 2632.5 12.5 Pt. 
2628.5 9.7 Ba, 2632.5 9.3 Pt, 2643.5 9.7 Ba. 

2628.5 11.0 Ba, 2632.5 10.9 Pt. 
2603.4 11.7 Gi. 

2573.2 11.7 Ch, 2621.5 10.0 Ba, 2629.6 9.8 Hu, 2632.5 9.1 Pt, 
2642.5 90M, 2643.5 9.0 Ba. 

2628.5 13.4 Ba. 

2573.2 9.6 Ch, 2602.3 11.7 Pe, 2613.7 11.6 Bs, 2621.5 12.6 Ba, 
2631:5 12.2B, 2631.7 11.5 Ka, 2632.5 12.7 Pt, 2643.5 11.7 Ba. 
2628.5 12.5 Ba, 2641.5 12.0 Pt, 2642.5 12.6 Ba. 

2642.5 13.0 Ba. 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number 


Name 


J.D. 


180911 Nova Ophiu.4 2606.3 11.3 Gi, 2619.6 11.0 B, 


181103 RY Ophiuchi 
181136 W Lyrae 


182224 SV Herculis 
182306 T Serpentis 
183149 SV Draconis 
183225 RZ Herculis 
183308 X Ophiuchi 


184134 RY Lyrae 


184205 R Scuti 


184243 RW Lyrae 
184300 Nova Aquil. 3 


184633 8 Lyrae 


184929 Nova Lyrae 1 
185032 RX Lyrae 
185243 R Lyrae 





2627.3 11.2 Gi, 
2641.5 11.2 Pt. 


2604.4 10.6 Gi, 2621.5 9.0 Ba, 


2604.4 11.2 Pe, 2612.3 10.2 Pe, 
2621.6 9.4 Pi, 2628.6 9.6 Hu, 
2642.5 85M, 2642.6 


2628.5 13.3 Ba. 
2628.5 13.0 Ba, 2635.5 12.6 B. 
2628.5 13.0 Ba. 
2628.5 12.5 Ba. 


2619.5 8.8Gd, 2620.5 8.9 Gd, 
2637.5 88B, 2643.5 9.1 Ba. 


2628.6 13.3 Ba. 


2627.5 11.2 Pt, 


2569.0 5.0 Ym, 2569.9 5.2 Ym, 2570.7 5.7 G, 2571.0 5.0 Ym, 
2572.0 5.2 Ym, 2572.1 5.0 Ch. "25726 58G G, 2574.0 5.1 Y 
2574.7 5.4G, 2575.0 4.9 Ym, "2577.1 5.1 Yr m, 2579.0 s1Ym 
2580.0 5.4 Ym, 2585.0 5.5 Ym, 2585.6 ..5.0G., 2587.1 5.6 Ch, 
2590.7 5.5Ka, 2602.3 5.7 Pe, 2603.3 5.4 Gi, 2608.6 4.8G, 
2609.6 5.0G, 2611.3 5.3Gi, 2611.3 5.6 Pe, 2612.6 5.2G, 
2615.5 5.8 Ba, 2616.5 5.6 Nc, 2616.5 °5.3 Ms, 2616.6 5.3G, 
2616.7 5.0 Bs, 2618.5 5.2 Ms, 2618.5 5.2Ne, 2619.5 5.2K, 
2619.5 5.3Cl, 2620.5 5.3 Ms, 2620.5 5.2Nc, 2620.5 5.50, 
2620.5 5.5 Gd, 2620.5 5.5K, 2621.2 5.1 Gi, 2621.5 5.2 Ms, 
2621.5 520, 2621.5 52Nc, 2621.5 .5.5K, 2621.5 5.5C1, 
2621.6 5.6 Ba, 2622.5 5.3Ms, 2623.8 5.2 Bs, 2627.5 5.3 It, 
2627.6 5.3 Mu, 2628.5 5.4 Ms, 2628.5 5.2 Gd, 2628.5 5.5 Ba, 
2628.5 5.60, 2628.6 49Mu, 2629.5 5.6 Ya, 2629.5 6.3 Hn, 
2629.5 5.2 Nec, 2629.5 5.8 Ms, 2629.6 5.0 Mu, 2630.5 5.8 Ms, 
2630.7 5.0Ka, 2631.6 48 a 2631.7 5.3 Ka, 2632.5 5.6 Ms, 
2632.5 5.3 Pt, 2632.5 5.3. Ne, 2633.5 5.4Ms, 2633.5 5.3 Ne, 
2633.6 5.4Ka, 2634.5 5.5 Ms. 2634.5 5.6 Ba, 2634.5 5.2 Ne, 
2635.5 5.4Nc, 2637.5 5.9 Ms, 2637.5 5.6 Cl, 2637.5 5.6 Ne, 
2637.7 5.0Mu, 2639.5 5.6 Pt, 2640.5 5.9 Cl, 2640.5 5.8K, 
2640.6 5.5 Bh, 2642.5 5.7 Ne, 2642.5 50M, 2642.5 5.7 
2642.5 580, 2642.5 59Ms, 2642.5 5.4 Pi, 2642.5 5.6 Pt, 
2643.5 58K, 2643.5 5.4Ci, 2643.5- 5.9 Ba, 2645.5 5.7 Pt, 
2646.6 6.0 Bh, 2647.5 5.8 Ne. 

2628.6 13.5 Ba, 2635.6 14.0 B. 

2574.0 8.3 Ym, 2585.0 8.4 Ym, 2587.1 8.4Ch, 2602.3 8.4 Pe, 
2604.4 9.3 Gi, 2617.5 8.7 Pt, 2619.5 87K, 2619.5 8.5 (Cl, 
2620.5 87K, 2621.6 8.9 Ba, 2626.5 8.9Ro, 2626.6 9.0B, 
2627.3 9.2 Gi, 2627.5 8.9 Pt, 2629.5 8.7 Ya, 2632.5 9.0 Pt, 
2632.5 8.8 Ro, 2633.5 8.6Ro, 2633.5 8&8 V, 2634.5 9.0B, 
2634.5 8.6 Ro, 2635.5 8.7 Ro, 2636.5 8.7 Ro, 2637.5 8.7 Cl, 
2637.5 88 Ro, 2639.5 88 Pt, 2640.5 8.7 Ro, 2640.6 9.0 Bh, 
2642.5 86M, 2642.5 87K, . 2642.5 88 Ro, 2643.5 8.8 Ba, 
2645.5 8.6 Pt. 


2616.5 3.4.Nc, 2620.5 3.8 Ne, 
2632.5 3.8Nec, 2633.5 3.8 Ne, 
2642.5 3.5 Ne. 


2603.4 12.6 Gi. 
2628.6 13.0 Ba. 


2616.5 4.5 Nc, 2620.5 4.3 Ne, 
2632.5 4.3. Ne, 2634.6 4.3 Ne, 


2646.6 43 Bh. 


Est. Obs. J.D. Est. Obs. 


8.7 Ba, 


J.D. Est. Obs. J.D. Est. Obs. 
2621.5 10.6 Ba, 2626.5 11.0 B, 
2632.5 11.0 Pt, 2633.5 rz.1 V, 


2625.3 8.7 Gi. 

2620.5 9.4Gd, 2621.6 9.7 Ba, 
2630.6 9.2B, 2632.5 9.2 Pt, 
2643.5 880. 


2621.6 8.8 Ba, 2629.5 8.7 Ya, 


2621.6 3.5 Ne, 
2634.5 3.7 Ne, 


2629.5 3.4 Ne, 
2637.5 3.8 Ne, 


2621.6 4.3 Ne, 2629.5 4.3 Ne, 
2637.5 4.3.Nc, 2642.5 43 Ne, 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name 
185634 Z Lyrae 
190108 R Aquilae 
190529 V Lyrae 


J.D. 

2628.6 
2616.6 
2628.6 


Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
73.0 Ba, 2635.5 13.9 B. 

6.5B, 2621.6 5.8 Ba, 2639.5 6.2 Pt, 2643.5 6.3 Ba. 
73.0 Ba. 


190818 RX Sagittarii 2637.5 13.0 B. 
190819a RW Sagittarii 2637.5 


190907 TY Aquilae 
190925 S Lyrae 
190926 X Lyrae 
190967 U Draconis 
191007 W Aquilae 
191019 RS Sagittarii 
191033 RY Sagittarii 


191319 S Sagittarii 
191321 Z Sagittarii 
191350 TZ Cygni 
191637 U Lyrae 
192928 TY Cygni 
193311 RT Aquilae 
193449 R Cygni 


193509 RV Aquilae 
193432 TT Cygni 
194048 RT Cygni 


194348 TU Cygni 


194604 X Aquilae 
194632 x Cygni 


195116 S Sagittae 


195202 RR Aquilae 
195308 RS Aquilae 
195553 Nova Cygni 3 


2642.5 


9.6 B. 
10.3 Ba 


2628.6 13.4 Ba, 2630.6 13.8 B. 


2621.6 
2621.6 
2642.5 
2632.5 
2624.5 
2641.5 
2603.3 
2603.3 
2621.6 
2611.6 
2621.6 
2616.6 
2573.1 
2641.5 
2628.6 
2618.6 
2573.1 
2628.6 
2642.6 
2621.6 
2635.6 
2615.5 
2569.9 
2580.0 
2602.3 
2619.5 
2621.6 
2628.6 
2637.5 
2616.6 
2629.6 
2637.7 
2628.5 
2629.7 
2562.7 
2566.6 
2569.0 
2570.6 
2571.7 


8.7 Ba, 2643.5 9.3 Ba. 

13.2 Ba. 

12.4 Ba. 

8.0 Pt, 2637.5 84B, 2642.5 8.2 Ba. 

6.3 Ba, 2627.5 6.5 Pt, 2638.5 6.0 Ba, 2632.5 6.3 Pt, 
6.2 Pt, 2645.5 6.2 Pt. 

13.6 Gi. 

10.6 Gi, 2626.3 11.3 Gi. 
10.8 Ba, 2637.6 10.5 Y, 2642.6 10.7 Ba. 

9.9 Pw, 2621.6 10.1 Ba, 2632.6 11.0 Pt, 2642.6 11.0 Ba. 
12.0 Ba, 2632.6 11.8 Pt, 2642.6 11.6 Ba. 

8.9B, 2621.6 8.9 Ba, 2643.5 9.4 Ba. 


12.0 Ch, 2610.4 12.4 Pe, 2621.6 12.5 Ba, 2635.6 12.8 B, 
12.8 Pi, 2642.6 12.1 Ba. 

13.1 Ba, 2643.5 13.0 Ba. 

7.3B, 2621.6 7.2 Ba, 2628.6 7.9 Hu, 2643.6 7.5 Ba. 
9.1 Ch, 2611.4 11.4 Gi, 2611.6 10.8 Pw, 2621.6 11.5 Ba, 
11.0 Hu, 2632.6 11.3 Pt, 2633.6 17.1 V, 2641.5 10.6 Pi, 
10.6 Ba. 

9.5 Ba, 2628.6 9.8Hu, 2632.6 10.6 Pt, 2633.6 10.4 V, 
10.9B, 2641.6 11.4 Pi, 2642.6 11.1 Ba. 

13.0 Ba, 2635.6 13.4B, 2642.5 13.0 Ba. 

7.3 Ym, 2571.0 7.3 Ym, 2574.07.6 Ym, 2577.07.6 Ym, 
7.7 Ym, 2585.0 8.0 Ym, 2592.2 8.0 Ch, 2593.9 8.6 Ym, 
9.0 Pe, 2604.4 88 Pe, 2610.4 9.4Pe, 2612.3 9.2 Pe, 
90B, 2619.5 96K, 2619.5 9.6Cl, 2620.6 9.9K, 
10.0 Pi, 2621.6 9.8Ba, 2626.5 9.7B, 2628.5 9.7 Ya 
9.3 Hu, 2632.6 10.1 Pt, 2633.6 10.5 V, 2634.6 10.20. 


10.5 Cl, 2642.5 10.4K, 2642.6 10.9 Ba, 2643.5 10.8 Pi. 
5.8 Mu, 2627.6 5.4Mu, 2628.6 5.3 Mu,2629.5 5.3 O, 
5.5 Mu, 2630.6 5.20, 2631.6 5.3 Mu, 2637.6 5.20, 
5.3 Mu, 2640.6 5.70, 2642.5 6.00, 2643.5 5.80 


13.3 B. 


14.1 B. 

2.0G, 2563.6 3.0Sz, 2564.7 3.5G, 2565.7 3.6G, 
3.8G, 2567.6 3.7 Sz, 2567.6 4.0G, 2568.6 4.3 Sz, 
3.9 Ym, 2569.0 4.1 Ym, 2569.6 4.4 Sz, 2569.9 4.3 Ym, 
4.3.Sz, 2570.7 4.5G, 2571.0 4.5 Ym, 2571.6 48G, 
4.5 Sz, 2572.0 4.6 Ym, 2572.6 4.9G, 2573.1 48 Ym, 
4.7 Sz, 2573.9 4. 2 Ym, 2574.6 4.7 Sz, 2574.7 5.0G, 
4.6 Ym, 2575.7 4.8 Sz, 2577.0 5.0 Ym, 2578.6 5.4 Sz, 
5.4Ym, 2579.0 4.7 Ym, 2579.7 5.5Sz, 2579.9 5.5 Ym, 
5.0 Ym, 2580.6 5.6 Sz, 2582.6 5.9 Sz, 2584.0 5.7 aa 
5.2 Sz, 2585.0 6.0 Ym, 2585.6 5.7Sz, 2585.6 6.0 

5.9 Ym, 2587.0 6.1 Ym, 2587.9 6.2 Ym, 2591.16.2 Y 

7.2Ym, 2601.6 7.2G, 2602.4 8.8 Pe, 2602.4 8.2 Gi 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name J.D. 


195553 Nova Cygni3 2603.4 8.2 Gi, 
2609.6 


oo ¢ 
2D 


2614.7 
2617.6 
2618.6 
2620.4 
2620.5 
2621.5 
2624.4 
2626.6 
2628.6 
2630.6 
2632.5 
2633.5 
2634.5 
2636.5 
2639.6 
2641.5 
2642.5 
2642.6 
2643.5 
2643.5 
2602.5 12.7 Gi, 
2633.6 11.6 V, 
2615.5 12.5 Ba. 
2615.5 13.5 Ba, 
2610.3 12.4 Gi. 


CANCOONM 
PS OREEF 


— 
We Wl 


Ee ae a 


OO OOO 0 $0 MH 90 10 GH 90 9 | 
NAAR 


<¥ 


NNW eH Or OOH 
> 
"See 


© 90 0 010 
2 


bo 
9 


195849 Z Cygni 


200212 SY Aquilae 
200357 S Cygni 
200514 R Capricorni 


200647 SV Cygni 2615.5 8.0 Ba, 
2643.5 8.2 Ba. 

200715a S Aquilae 2580.0 9.6 Ym, 
2632.6 9.9 Ya, 

200715b RW Aquilae 2618.6 9.2 B, 
2643.5 9.5 Ba 


200812 RU Aquilae 2615.5 11.8 Ba, 
200822 W Capricorni 2620.6 11.6 Y, 
200906 Z Aquilae 2604.4 12.6 Gi, 


2637.5 9.2 Cl, 2642.5 10.8 Pt, 
200916 R Sagittae 2621.6 89 Ba, 2632.5 9.9 Ya, 
200938 RS Cygni 2587.1 7.2Ch, 2611.4 8.2 Pe 
2632.6 7.8Gd, 2632.6 7.3 Pt, 
201008 R Delphini 2615.5 11.5 Ba, 2628.6 10.5 B, 
201121 RT Capricor. 2615.5 6.6 Ba, 2622.7 7.4 Bs. 
201130 SX Cygni 2615.5 13.0 Ba, 2635.6 13.4 B, 
201437 P Cygni 2587.1 .5.0 Ch. 
201647 U Cygni 2610.4 8.6Gi, 2615.5 8.0 Ba, 
2621.6 9.0Jd, 2621.6 9.1 Ao, 
2632.5 8.0 Ro, 2632.7 9.0 Pt 
2634.5 8.0 Ro, 2635.5 8.0 Ro, 
2639.6 7.8Sz, 2640.5 7.9 Ro, 
2642.5 8.4Jd, 2642.5 8.2 Ao, 
2643.5 7.7 Ba, 2646.5 7.8 Ro. 
202539 RW Cygni 2615.6 7.9 Ba, 


202622 RU Capricor. 
202817 Z Delphini 


2610.3 12.1 Gi. 


2615.6 10.7 Ba, 
2643.5 12.0 Ba. 


, 2610.4 
, 2618.5 


2604.4 8.8 Pe, 


2616.5 


2620.5 
2620.7 
2621.5 8. 
2625.4 9 
2627.5 8 
2629.5 8 
2631.7 9 
2632.6 9. 
9 
9 
9 


8 
8. 
2618.6 8. 
8 
8 


2633.6 
2034.6 
2637.5 
2640.5 9. 
2641.6 9.3 Pi, 


, 2642.5 9.0 Ro, 
, 2642.6 
, 2643.5 9.4 Ya, 


9.6 Td, 


2644.6 8.9 Pt, 
2621.6 12.5 Ba, 
2642.6 12.5 Ba 


2635.6 13.2 B. 
2618.7 8.2 B, 
2611.3 


2632.6 
2621.6 


9.9 Pt, 
9.7 Ba, 


2630.6 11.0 B, 
2633.5 11.1 Pt. 
2615.5 {32 B 


s, 2616.6 


9.3 Gi, 


, 2633.5 8.0 Ro, 2633.6 


Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 


2606.4 8.3 Gi, 


2608.6 8.0G, 
2611.4 8.9 Gi, 


2613.4 8.9 Gi, 
2616.7 9.1 Ka, 
2618.5 8.6 Ya, 2618.5 


’ 2639.5 8.6 Pt, 
Y, 2640.6 9.4 O, 
Pt, 2642.5 9.0 WI, 
¢ Pt, 2642.5 9.4 O, 
95K, 2643.5 9.3 Pi, 
2643.5 9.5K, 2643.5 9.4Cl, 
2646.5 9.0 Ro. 


2630.6 12.7B, 2632.6 12.3 Pt, 


2621.6 7.9 Ba, 2628.6 8.3 Hu, 
2618.6 9.4B, 2621.6 9.3 Ba, 
2637.5 9.4Cl, 2643.5 10.8 Ba. 
2632.6 9.3 Ya, 2637.5 9.2 Cl, 


2643.5 10.0 Ba. 


a, 2616.6 13.0B, 2627.3 12.0 Gi, 


2643.5 11.0 Ba. 
2643.5 9.0 Ba. 


, 2615.5 7.0 Ba, 2621.6 7.1 Ba, 


2643.5 7.0 Ba. 
2639.5 9.6 Pt, 2643.5 9.3 Ba. 


2637.6 12.9 Y. 


2621.5 9.8 WI, 2621.5 9. 
2626.5 8.2 Ro, 2630.6 8. 
7. 


5 Pi, 
6 Jd, 
9 Sz, 
2636.5 8.0 Ro, 2637.5 7.9 Ro, 
2642.5 7.8 Ro, 2642.5 88M, 
2642.6 9.3 WI, 2642.7 7.9 Sz, 


2621.5 8.8 WI, 2642.6 8.8 WI, 2643.5 7.9 Ba. 


2618.7 10.7,B 


2621.6 11.5 Pi, 2632.7 11.8 Pt, 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name 
202946 SZ Cygni 


202954 ST Cygni 


203226 V Vulpec. 
203611 Y Delphini 
203816 S Delphini 


203847 V Cygni 


204016 T Delphini 
204104 W Aquarii 


204215 U Capricorni 
204318 V Delphini 
204405 T Aquarii 


204846 RZ Cygni 


205017 X Delphini 
205030 UX Cygni 
205923 R Vulpec. 


210116 RS Capricor. 
210124 V Capricor. 
210129 TW Cygni 
210122 X Capricor. 
210382 X Cephei 
210812 REquulei 
210868 T Cephe: 


211614 X Pegasi 
211615 T Capricor. 
213244 W Cygni 


213678 S Cephei 
213753 RU Cygni 
213843 SS Cygni 


J.-D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
2615.6 9.8Ba, 2618.6 9.5B, 2619.6 9.4K, 2620.6 88 Ba, 
2621.6 9.0Ba, 2628.6 9.6 Ba, 2634.5 9.4Ba, 2642.5 9.5 Ba, 
2643.5 9.4 Ba. 

2615.6 13.0 Ba, 2617.6 12.6 Y, 2637.6 12.6 Y, 2643.6 13.1 Ba, 
2648.5 11.7 Pi. 

2615.6 9.5 Ba, 2632.7 8.6 Pt, 2643.5 880, 2643.6 9.0 Ba. 
2615.6 11,3 Ba, 2633.6 11.8 Pt, 2643.6 11.7 Ba. 

2600.7 *8.5 Pw, 2615.6 9.5 Ba, 2618.7 9.6B, 2619.5 10.2 K, 
2619.5 10.3 Cl, 2628.6 10.0 Hu, 2632.6 11.1 Ya, 2637.5 11.3 Cl, 
2639.6 10.9V, 2643.6 9.9 Ba. 

2573.1 10.0 Ch, 2613.4 9.7Gi, 2615.6 9.8 Ba, 2626.6 9.7B, 
2637.6 11.9B, 2643.6 10.5 Ba, 2648.5 17.8 Pi. 

2615.6 13.0 Ba, 2633.6 14.2 B. 

2571.0 12.4 Ym, 2577.1 14.2 Ym, 2585.0 14.0 Ym, 

2604.4 13.5 Gi. 

2610.3 13.9 Gi. 

2602.4 12.5 Gi, 2615.6 12.8 Ba. 

2570.1 7.7 Ch, 2613.4 9.5 Pe, 2619.5 10.0 Ba, 2621.6 10.0 B, 
2629.6 10.5 Hu, 2633.6 11.1 Pt, 2637.5 11.5 Ro, 2642.5 11.2 Ro, 
2642.5 11.0K, 2642.6 12.0 W1, 2642.6 11.0 Ya. 

2615.6 11.8 Ba, 2620.4 11.3 Gi, 2643.6 11.8 Ba, 2647.7 10.6 Pi, 
2648.5 11.9 Pi. 

2615.6 13.0 Ba, 2633.6 14.0B. 

2621.6 12.0 Ba. 

2611.4 88 Gi, 2615.6 88 Ba, 2626.6 8.6B, 2629.6 8.2 Hu, 
2632.7 8.8 Pt, 2643.5 9.00, 2643.6 8.9 Ba. 

2615.6 7.8 Ba, 2629.7 8.5 Mu, 2642.6 8.4 WI, 2642.6 8.2 Ya. 
2610.3 12.7 Gi. 


2615.6 12.7 Ba, 
2610.3 10.7 Gi. 
2615.6 13.4 Ba. 
2619.5 8.9 Ba, 


2637.6 13.0Y, 2643.6 12.5 Ba. 


2624.7 9.0 Ml, 2643.6 9.5 Ba. 
2573.2 9.9 Ch, 2604.6 10.0 Bh, 2619.5 9.4 Ba, 
2624.7  9.1M1, 2632.6 8.3 Hu, 2643.6 8.3 Ba. 
2604.4 10.7 Gi, 2628.6 11.8 Ba, 2643.6 12.0 Ba. 
2628.5 12.7 Ba. 
2569.0 6.3 Ym, 
2637.6 6.50, 
2613.3 10.0 Gi, 
2619.6 9.6 Ba. 
2568.9 8.1 Ym, 
2572.0 8.2 Ym, 
Zeek 83h, 
2584.0 11.3 Ym, 


2620.8 9.8 Pt, 


2571.0 6.0 Ym, 2579.0 6.2 Ym, 2630.6 6.5 O, 
2640.6 6.70, 2643.5 6.70. 


2624.7 9.3 Ml, 2628.6 10.0 Ba, 2637.6 9.8B. 


2570.0 8.2 Ym, 2570.1 8.2 Ch, 2571.0 8.2 Ym 
2573.0 8.2 Ym, 2573.9 8.1 Ym, 2575.08.2 Ym, 
2577.0 8.6 Ym, 2578.99.9 Ym, 2580.0 10.1 Ym, 
2585.0 12.0 Ym, 2587.1 11 9Ch, 2587.9 12.0Ym, 


2602.4 12.0Gi, 2603.4 12.0Gi, 2604.5 12.0 Gi, 2605.4 12.0 Gi, 
2606.4 12.0 Gi, 2607.4 12.0 Gi, 2610.4 12.0 Gi, 2611.5 12.0 Gi, 
2613.4 12.0 Gi, 2614.4 12.0 Gi, 2614.7 11.9B, 2615.5 11.8 Ba, 
2616.6 11.9B, 2617.5 11.6 Pt, 2617.6 12.1 Jd, 2618.5 11.5 Pt, 
2618.5 12.0 Gd, 2618.5 10.9 Ya, 2618.6 11.9 Ne, 2618.6 11.6 B, 
2618.6 11.5 Y, 2618.7 12.1 Ms, 2619.5 11.0 Cl, 2619.5 17.5 Gd, 

2619.5 17.0K, 2619.6 11.6B, 2619.6 11.7 Ba, 2619.8 11.6 Pt, 
2620.3 12.0 Gi, 2620.5 12.1 WI, 2620.5 9.60, 2620.6 11.8 Ba, 
2620.6 11.6 Pi, 2620.6 12.0Jd, 2620.6 11.8K, 2620.8 11.6 Pt, 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name 
213843 SS Cygni 


213937 RV Cygni 
214024 RR Pegasi 
215605 V Pegasi 
220412 T Pegasi 
220613 Y Pegasi 
220714 RS Pegasi 
222439 S Lacertae 


223841 R Lacertae 
225120 S Aquarii 
225914 RW Pegasi 
230110 R Pegasi 


230759 V Cassiop. 


231425 W Pegasi 
231508 S Pegasi 
232848 Z Androm. 


233335 ST Androm. 


233815 R Aquarii 


233956 Z Cassiop. 
235053 RR Cassiop. 
235209 V Ceti 
235350 R Cassiop. 


‘2628.5 11.6 B, 


J.D. 


Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 


2621.4 11.9 Gi, 2621.5 12.0 W1, 2621.5 17.8 Cl, 2621.5 11.8 K, 


2621.5 9.40, 2621.5 11.8 Ba, 
2621.6 11.6B, 2622.6 11.8 Gd, 
2624.5 11.8 Ba, 2625.2 11.8 Gi, 
2626.6 11.7 B, 2627.4 ao 
2628.5 11.8 Gd, 2628.5 11.6 I 
2630.6 11.5 ¥ 
2632.5 11.8 Pi, 2632.5 12 


2632.6 11.6 B, 


2633.5 11.8 Pi, 2633.6 


2634.5 11.8 Ba, 


7 
2635.6 11.9B, 2636.5 
2637.6 


2637.6 11.9 B, 
2640.5 11.8 Ro, 
2640.6 11.00, 


OY 
2632.6 11.8 ¢ id. 
~ 8 B, 
2634.7 11.8 Pt, 
18 Ro, 
1.9 _. 
2640. 
2641. 


2642. 


2621.5 11.5 Ya, 
2623.3 11.8 Gi, 
2626.4 11.8 Gi, 
2627.6 11.8 B, 
, 2628.5 12.0 Ya, 
” 2630.6 12.0 Jd, 
2632.6 11.5 Pt, 
2632.6 11.5 Y, 
2633.6 11.5 Pt, 
2635.5 11.5 Cl, 
2637.5 12.0 Ro, 
2639.5 11.3 V. 


2640.5 11.5 Cl, 


2641.6 8.7 Pt, 


2621.5 11.8 Gd, 
2624.2 11.8 Gi, 
2626.5 12.0 Ro, 
2627.6 11.8 Pt, 
2628.5 11.8 Ba, 
2632.5 11.9 Ro, 


2632.6 11.9 Hu, 


2633.5 11.9 Gd, 
2634.5 11. 4 Ya, 
2635.5 12.0 Ro, 
2637.5 12. 0 Cl, 
2639.6 11.5 Pt, 
2640.6 11.1 Y, 
2641.6 8&8 Y, 


2641.7 8.6 Ya, 
2642.5 8.20, 2642. 
2642.6 
2642.6 
2643.5 
2645.6 
2647.6 
2619.6 


2621.6 


+ K, 2643.5 8. 
8.9 Pt, 2646.5 8.7 

8.9 Ms, 2648.5 9.4 Pi. 
6.5 Ba, 
10.2 Ba, 
2621.6 12.0 Ba. 
2604.5 13.5 Gi, 2628.6 13.0 Ba. 
2621.4 13.4 Gi, 2628.5 13.0 Ba. 


2628.6 11.4 Ba, 


2632.6 7.5 Hu. 


* 2642.5 8.3 M, 2642.5 8.3 Ro, 
2642.5 8.2 Gd, 2642.5 8.4 Ba, 
2642.6 8.3 Pt, 
2643.5 8.5 (Cl, 
2643.6 8.6 Hu, 2644.6 87 Pt, 
" 2647.5 9.4 Jd, 2647.6 9.2 Pi, 


2632.7 11.0 Pt. 


2604.5 12.5 Gi, 2628.6 13.0 Ba. 

2603.4 12.5 Gi, 2621.6 11.8 Ba, 2624.5 11.4Gi, 2624.7 11.5 M1, 
2642.6 9.9 Ba, 2647.6 10.2 Pi. 

2620.4 10.4 Gi. 

2628.5 12.8 Ba. 

2621.7 12.6 Ba, 2630.6 13.4 B. 

2628.6 12.7 Ba, 2632.5 12.0 Ro, 2635.5 12.0 Ro, 2637.5 12.0 Ro, 
2643.6 12.1 WI. 

2604.3 9.5 Pe, 2613.3 8.4Gi, 2619.5 7.7 Ba, 2620.5 830, 
2621.6 11.0 Jd, 2630.6 11.7 Ao, 2632.5 8.3 Ro, 2633.5 8.3 Ro, 
2634.5 8.3 Ro, 2635.5 8.1 Ro, 2636.5 7.9 Ro, 2637.5 7.8 Ro, 
2637.6 8.30, 2640.5 7.8 Ro, 2641.6 Re iv. 2641.8 8.0 Pt, 
2642.5 8.0 Ro, 2642.6 8.6 Ba, 2642.7 84M, 2643.5 8.60, 
2643.6 8.1 Hu, 2646.5 8.1 Ro, 2647.6 8.3 Pi. 

2621.6 11.7 Ba. 

2619.6 8.1Ba, 2632.55 83B, 2633.6 8.5 Pt. 

2618.5 9.90. 

2571.0 12.0 Ym, 2572.1 rr.oCh, 2574.0 11.6 Ym. 

2577.0 11.9 Ym, 2585.0 11.6 Ym, 2619.6 11.0 Ba, 

2628.6 11.0 Gd, 2631.6 10.3B, 2632.6 9.5 Hu, 2632.7 10.8 Pt, 
2642.6 10.1 Ba, 2647.6 10.7 Pi. 

2573.2 10.2 Ch, 2624.7 8.6 MI, 2628.5 9.2 Ba, 2632.6 8.0 Hl, 
2633.6 8.6 Pt, 2634.6 84B, 2642.6 8.1 Ya. 

2621.6 12.0 Ba, 2627.5 12.4B, 2637.6 12.7 B. 


2610.5 13.6 Gi, 2633.5 13.5 B. 
2610.5 11.6 Gi, 2621.6 9.6 Ba, 
2613.3 8.6 Gi, 2619.6 8.6B, 
2627.5 9.0B, 2647.6 10.0 Pi. 


2642.5 8.9 Pt. 


2621.6 8.2 Ba, 


2624.7 8.5 Ml, 
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VARIABLE STAR OBSERVATIONS, October 20 to November 20, 1920—Continued. 


Number Name J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
235525 Z Pegasi 2621.6 11.9 Ba, 2632.7 12.1 Pt. 
235715 W Ceti 2611.5 13.2 Gi, 2628.6 12.5 Ba. 


235855 Y Cassiop. 2602.5 13.3 Gi, 2616.6 11.6B, 2619.6 11.7 Ba, 2624.5 10.7 Gi, 
2641.6 10.4 V. 
235939 SV Androm. 2619.6 9.6 Ba, 2632.7 9.3 Pt, 2637.6 8.9B, 2647.6 9.2 Pi. 


Total Observations: 1,599. Stars Observed: 282. Observers: 33. 


The present is another excellent report, with almost twice as many observa- 
tions as the corresponding month last year, and containing many points of inter- 
est, such as the rise of SS Cygni after 73 days at minimum. Mr. Bancroft 
submits a banner list of 351 well distributed observations, and Messrs Bouton, 
Ginori, and Peltier are to be commended. The reports of three new observers 
are included this month: Mr. Philip Ayulo, of Boston, who observes with Mr. 
Jordan, Mr. Albert E. Schwartz, of Cincinnati, O., and Mr. Paul S. Watson, who 
is a member of: the Maryland Academy of Sciences of Baltimore, which has a 
variable star section under Professor Hall. Mr. and Mrs. T. I. Klyce, of Mem- 
phis, Tenn., have been elected to active membership. 

Miss I. E. Woods deserves special congratulation for the discovery 
of her fourth nova, known as Nova Sagittarii No. 7, which was at maximum 
in 1914, and also her fifth nova, Normae No. 2, which appeared last summer, 
and on the last plates received from Arequipa was still of magnitude 9. Mr. 
Yont picked up a strange object recently in the field of V Tauri, which he 
identified as the minor planet Psyche. Mr. Campbell writes that the response 
for observers in the “Nova Search” has been most gratifying, and others who 
care to volunteer are urged to write to him. 

The following observers contributed to this report: Messrs. Ayulo, “Ao,” 
Bancroft, “Ba,” Barns, “Bs,” Bouton, “B,” Bunch, “Bh,” Chandra, “Ch,” Clem- 
ent, “Cl,” Ginori, “Gi” Godfrey, “Gd,” Gray, “G,” Hall, “Hl.” Henckel, 
“Hn,” Hunter, “Hu,” Jordan, “Jd,” Kaster, “Ka,’ Kimball, “K,”’ McAteer, 
“M,” Merrill, “M1,” Mrs. Morris, “Ms,” Mundt, “Mu,” Mrs. Norcross, “Ne,” 
Olcott, “O,” Peltier, “Pt,’ de Perrot, “Pe,” Pickering, “Pi,” Rhorer, “Ro,” 
Schwartz, “Sz,” Vrooman, “V,’ Waldo, “WI,” Watson, “Pw,” Yalden, “Ya,” 
Yamamoto, “Ym,” and Miss Young, “Y.” 

Howarp O. Eaton, Recording Secretary. 





COMMUNICATION, 





Observations of Saturn with a 10-inch Refiector.—I made some 
observations of the recent disappearing of Saturn’s ring. Oct. 23, Nov. 1, Nov. 
4 the ring was easily seen yet. Nov. 5 it became more difficult to see, partly due 
to bad seeing and the wind shaking the telescope too much. Nov. 6 some streaks 
of clouds interfered at times but the ring was better seen than the day before. 
On Nov. 7 it unfortunately was cloudy and for some days after. Nov. 10-11, I 
observed between clouds a dark streak visible across the face of Saturn, nothing 
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could be seen of the ring. Nov. 13-14, clear. I thought I saw faint traces of the 
ring at moments but could not be sure. Dec. 12, clear and the seeing good. 
Having in the mean time newly resilvered the mirrors, I started observations 
again. The slender ring was to be seen by now and lookd like an interrupted 
line blending into a single line at times 
Nic. IEDEMA. 
Great Neck, L. I, N. Y. 





GENERAL NOTES. 





Mr. John Paraskevopoulos of theYerkes Observatory is spending the 
winter months at the Mount Wilson Observatory. 


Professor J. C. Dunean, director of the Whitin Observatory of Welles- 
ley College, has been granted a year’s leave of absence. He is spending the year 
in research at the Mount Wilson Observatory. 


Professor E. W. Brown, of Yale, is on leave of absence for the first 
semester of this year, a part of the time being spent at Christ’s College, Cam- 
bridge. (The American Mathematical Monihly, Dec. 1920.) 


Professor H. E. Buchanan, of the University of Tennessee, has re- 
signed to become professor and head of the department of mathematics at 
Tulane University. (The American Mathematical Monthly, Dec. 1920.) 


Dr. Pierre Boutroux, professor of differential and integral calculus at 
the University of Potiers, and recently of Princeton University, has been ap- 
pointed professor of the history of science at the Collége de France. (The 
American Mathematical Monthly, Dec. 1920.) 


Protessor Albert Einstein of the University of Berlin has accepted 
the chair of science at the University of Leyden. He will divide his time be- 
tween the two institutions. (Bulletin of the American Mathematical Society, 
Dec. 1920.) 


Protessor L. E. Dickson was appointed delegate of the National Acad- 
emy of Sciences to attend the conference called by the Royal Society of London 
in September to consider the future of the International catalogue of scientific 
literature. (Bulletin of the American Mathematical Society, Dec. 1920.) 


The Diameter of Betelgeuse.— On the night of December 13, 1920, 
Mr. Francis G. Pease and Dr. J. A. Anderson, of the Mount Wilson Observatory, 
made a successful attempt to measure the angular diameter of the first magnitude 
star Betelgeuse (a2 Orionis), using in connection with the 100-inch telescope an 
interferometer method suggested by Professor A. A. Michelson, of the University 
of Chicago. 

The measured diameter of a Orionis came out approximately 0”.047. The 
parallax of the star is somewhat uncertain, but is not far from 0”.016. This 
would give for the actual diameter 2.94 astronomical units or approximately 
273,000,000 miles, i. e., the circumference of the star would be nearly equal to 
that of the orbit of Mars. 
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Astronomical Film.— The Society for Visual Education—A National 
Organization of Amerigan Educators—of which Professors R. D. Salisbury and 
F. R. Moulton are officers, has placed on the inarket an interesting reel on astron- 
omy. This shows the Yerkes Observatory with Professor Barnard at the 
telescope, the motions of the earth and moon, and many interesting astronomical 
photographs. 


Publications of the Yerkes Observatory.— A copy of Volume IV, 
Part III, of the Publications of the Yerkes Observatory, has recently been re- 
ceived. This consists of the results of the determination of the parallaxes of 
fifty-two stars by Mr. Georges van Biesbroeck and Mrs. Hannah B. Steele. Of 
the list of 52 stars, the one having the largest parallax is the star known as 
“Barnard’s proper motion star.” Its unusually large proper motion of 10”.30 
would suggest the conclusion that it must be relatively near. This conclusion 
is verified by its parallax of +0509 as given in this publication. This star is 
therefore in the neighborhood of 400,000 astronomical units distant. The nearest 
known star is about 265,000 astronomical units distant. (The mean distance 
from the earth to the sun, or about 93,000,000 miles, is called the astronomical 
unit.) 


Résumé of Sunspot Observations at Mt. Holyoke College, 1920. 
North of Equator South of Equator 


No. of No. Av. No. Av. Av. No. at New 
Month Obs. Groups Lat. Groups Lat. One Obs. Groups 
Jan. 18 2 +113 5 —10.0 2.22 10 
Feb. 13 6 13.4 11 7.1 4.00 16 
Mar. 16 5 14.7 9 6.0 3.19 13 
Apr. 18 8 11.6 2 3.2 1.39 8 
May 18 12 15.2 8 6.8 3.11 19 
June 10 7 15.7 1 EA 2.40 3 
Sept. 7 2 Ly 1 10.7 1.71 3 
Oct. 19 7 14.4 6 9.1 3.26 10 
Nov. 13 4 14.1 3 8.3 1.92 7 
Dec. 11 3 16.4 5 78 1.73 7 
143 59 51 96 
Average number at one observation 2.56 
Average latitude of groups north of equator +13.9 
Average latitude of groups south of equator — 7.3 


The method of observation was the same as that followed in previous years. 
No spots were seen April 6, 8, 9, and 24 

The finest group of the year was the one that passed the sun’s central mer- 
idian March 22, associated with the auroral display of March 23. 

Most of the observations of the first six months were made by Miss Jenkins, 
those of the last four by Miss Farnsworth. 


ANNE S. Younc. 
John Payson Williston Observatory. 


Eclipse Cycle.— On Sept. 30-Oct. 1, 1921, a total eclipse of the sun will 
- take place, total and central only in very high southern latitudes. This eclipse 
will be next to the last central and total one of the series. Below are given the 
dates of the very first and very last partial ones of the series, the first and last 
central ones of the series, the middle one, the date when the series changed from 
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annular to total, the date of the total eclipse of the series having the longest 
duration of totality on the central line, etc. One peculiarity in relation to this 
series is the short period from the first partial to the first central eclipse of the 
series (108 years), and the long period from the last central to the last partial 
one of the series (379 years). 


Eciipses BELONGING TO THE SAME CYCLE OR SERIES AS THE TOTAL SOLAR 
Ecuipse oF Sept. 30-Ocr. 1, 1921 BELONGs To. 


1. First eclipse of series was a very small partial one visible in high northern 
latitudes, and took place on April 29, 1074. Moon’s mean anomaly, 184° 36’; 
Sun’s, 135° 20’. 

2. First central (and annular) eclipse of series took place on July 2, 1182. 
Moon’s mean anomaly, 167° 23’; Sun’s, 198° 18’. 

3. Middle eclipse of series took place on March 29, 1615. This was also an 
annular eclipse. Moon’s mean anomaly, 98° 56’; Sun’s, 90° 10’. 

4. The series changed from annular to total eclipses on May 23, 1705. Moon’s 
mean anomaly at ‘the time of this eclipse was 84° 45’; Sun’s mean anomaly, 
142° 38’. Moon’s shadow first barely reached the earth. 

5. Eclipse with longest duration of totality of this series on the central 
line took place on Sept. 8, 1885. Moon’s mean anomaly, 56° 31’; Sun’s, 247° 35’. 

6. Last central eclipse of series will take place on Oct. 12, 1939, and will 
be central only in high southern latitudes. Moon’s mean anomaly, 48° 5’; 
Sun’s, 279° 4’. e 

7. Last partial eclipse of series will take place on May 30, 2318. Moon’s 
mean anomaly, 349°.14’; Sun’s, 139° 26’. 

FrANK E. SEAGRAVE. 
Boston, Mass., Nov. 29, 1920. 


Notes on the Meteor Showers of October and November* 
The month of October proved one the driest on record. The rainfall return near 
my home, at Stowmarket, averaged 0.7 inch, with a mean day temperature of 
53°.5 and a mean night temperature of 41°.3; lowest night temperature of 26°.0. 

Considering the good skies during the month, the horary rate of 2.7 from 
73 meteors in 27 hours of watching was not very great, but it is partly due to 
the fact I am keeping strict watch in the direction of Bristol and the south of 
England, where the other observers are mostly stationed. Also I am recording 
only meteors which are of special interest or likely to prove accordances. 

On October 2 a pear-shaped fireball with a short tail was seen and also 
recorded by another observer. Its radiant point was 287° + 46°, with a down- 
ward flight almost vertical over Northampton. October 5 yielded a shower from 
322° + 3°. Mr. Denning wrote me that he had in years past seen a shower from 
322° + 4°, and 323° + 3%° in July and August also that Schmidt had given 
325° + 1° for September: A Cepheid from 316° + 59° was seen on the 9th. By 
the 11th and 12th an active shower of Arietids from 31° + 18° was seen and 
again on the 29th from a point at 32° -+ 18° and another at 49° + 23°. By the 
24th and 30th the radiant point was 43°-+ 22°. The 11th yielded meteors from 
35° —10°. Meteors were seen on the 12th and 18th from two radiants in Pisces, 
9° —6° and 13° — 6°. 


aed 


*By Miss A. Grace Cook, of Stowmarket, England, the holder of the 
Edward C. Pickering Astronomical Fellowship for women. 
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The famous Orionid shower was in evidence on the 18th, radiatirig from 
92° + 15°. The Orionids were again seen on the 19th and 20th at 92° + 15°. 
During an early morning watch on the 24th, from 16°30" to 18" Orionids were 
observed from 91° + 15°. 

A splendid fireball was seen on the 19th and also recorded by other observers 
at Stowmarket and south of London. I saw it exceedingly bright passing above 
the Moon. The radiant point was found by Mr. Denning to be at 88° —17°. 
Other active radiants on the 24th were 107° + 51°, 105° + 51°, and 90° + 44°, 

The meteorological records for November equalled the previous month for 
proving the driest and sunniest on record for many years. The average rainfall 
for this district is over 2 inches. This year there was only 0.85 inches on 12 
days only. The mean temperature was 43°.4. Lowest minimum temperature in 
screen was 26°.0 on the 21st and 22nd. Minimum temperature on grass was 
15°.0 on 22nd. 

The Arietids were active, and radiant points were 43° + 22°, 43° + 23°, 
and 43° + 23%° on the Ist to 4th, 11th, 13th, 15th and 16th. Another. observer 
saw them from 43° 4+ 21° on the 12th. 

The Taurids proved interesting, for although there were several well marked 
points of radiation, the main shower gave fair results of a slow moving radiant. 
The most curious difference was detected in the appearance of the meteors from 
the different centres. Those from the more southerly radiants being slow, bright 
objects with long trains. The others were swifter with round, red heads. 

The suspected Apdromedid on the 16th seems doubtful. At any rate 
the shower was not active. This was confirmed by other observers. 

Eager watch was kept in the early morning hours for the Leonids. They 
were well defined on the 13th and 15th at 150°-+ 22°. Mr. Adamson watched on 
the early mornings of the 15th to the 18th and gives radiant point as 150° + 22° 
until the 18th, when the centre is given as 151°-+ 22° and 150°+ 23°. Mr. 
King, observing on the 15th and 16th, finds the radiant rather diffuse at 
152° + 23°. He saw two of the Leonids very bright; one equal to Sirius, and an- 
other equal to Jupiter. I observed one on the 15th with magnitude equal to 
Jupiter, with a very thick streak which endured 9 seconds and another of first 
magnitude whose streak lasted 1% seconds. 

The horary rate for the month was 3.5 from 114 meteors in 33 hours of 
watching. 

December 6, 1920. 

















